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$WKHVLVVXEPLWWHGLQSDUWLDOIXOILOPHQWRIWKHUHTXLUHPHQWVRIWKH8QLYHUVLW\RI
*UHHQZLFKIRUWKH'HJUHHRI0DVWHURI3KLORVRSK\
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
,FHUWLI\WKDWWKLVSURMHFWKDVQRWEHHQDFFHSWHGLQVXEVWDQFHIRUDQ\GHJUHHDQGLVQRW
FRQFXUUHQWO\EHLQJVXEPLWWHGIRUDQ\GHJUHHRWKHUWKDQWKDWRI0DVWHURI3KLORVRSK\
03KLO EHLQJ VWXGLHG DW 7KH 8QLYHUVLW\ RI *UHHQZLFK 8QLWHG .LQJGRP , DOVR
GHFODUHWKDWWKLVZRUNLVWKHUHVXOWRIP\RZQLQYHVWLJDWLRQVH[FHSWZKHUHRWKHUZLVH
LGHQWLILHGE\UHIHUHQFHVDQGWKDW,KDYHQRWSODJLDULVHGWKHZRUNRIRWKHUV

$PLQX2ZRQLNRNR

03KLO6WXGHQW

6XSSRUWHGE\

'U5RE%HUU\     3URIHVVRU0LNH%UDGOH\
)LUVW6XSHUYLVRU     6HFRQG6XSHUYLVRU
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
, GHGLFDWH WKLV SURMHFW WR P\ ORYLQJ DQG DGRUDEOH ODWH SDUHQWV $OKDML $VKUXGHHQ
$NDQR 2ZRQLNRNR DQG $OKDMD 0XQLUDW $NDQNH 2ZRQLNRNR ZKR JDYH PH WKH
SULYLOHJH WR DFTXLUH VROLG HGXFDWLRQDO IRXQGDWLRQV ERWK :HVWHUQ DQG $UDELF
HGXFDWLRQ ZKLFK KDYH KHOSHG PH WR DFTXLUH IXUWKHU ZRUOG UHQRZQHG HGXFDWLRQ LQ
8QLWHG.LQJGRP,EHVHHFK$OPLJKW\*RGWRJUDQWWKHPDOMDQDKILUGDXV

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
   027,9$7,21$/4827(

µ:KHQHYHU\RXDUHDVNHGLI\RXFDQGRDMREWHOOWKHP³FHUWDLQO\,FDQ´7KHQJHW
EXV\DQGILQGRXWKRZWRGRLW¶
 7KHRGRUH5RRVHYHOWWK3UHVLGHQWRIWKH86$


















 
$&.12:/('*(0(176

$OOWKDQNVJRWRP\FDULQJVXSHUYLVRUV'U5RE%HUU\DQG3URIHVVRU0LNH%UDGOH\,
DPGHHSO\ LQGHEWHG WR WKHPIRU WKHLUDVVLVWDQFHERWK LQDFDGHPLDZRUOGDQGRXWVLGH
DFDGHPLD:LWKRXWWKHPWKLVSURMHFWZLOOQRWEHDFKLHYHG,SUD\WKDW*RG$OPLJKW\
EOHVVWKHPDQGWKHLUIDPLOLHVLQWKLVZRUOGDQGKHUHDIWHU

,DPUHDOO\JUDWHIXO WR7KH:ROIVRQ&HQWUH IRUSURYLGLQJILQDQFLDODVVLVWDQFHZKLFK
KDVVHUYHGDVRQHRIWKHNH\HQDEOHUVIRUPHWRFRPSOHWHWKLVUHVHDUFKZRUN$OVR,
DP YHU\ JUDWHIXO WR WKH HQWLUH PHPEHU RI 7KH :ROIVRQ &HQWUH VWDII DQG FROOHDJXHV
ZKRKDYHSURYLGHGFRQGXFLYHHQYLURQPHQWWRFDUU\RXWP\UHVHDUFKSDUWLFXODUO\0UV
&DUROLQH &KDSPDQ $OVR PDQ\ WKDQNV WR -RKQ /DUNLQ DQG 7UHYRU 0RUWOH\ IRU WKHLU
DVVLVWDQFHLQFRQVWUXFWLQJP\WHVWULJV

, DP DOVR JUDWHIXO WR P\ ORYHO\ VLEOLQJV %HODZX $IHH] .KDGLMDW DQG $PLQDW IRU
WKHLUPRUDODQGVSLULWXDODVVLVWDQFHHYHUVLQFH,KDYHEHHQLQWKH8QLWHG.LQJGRP0\
VSHFLDOWKDQNVWR7KH:ROIVRQ&HQWUH0V*UDFH8JEDK0XPP\6RNR\D2GXHNH¶V
)DPLO\0V%XNROD$NLQZDUH0U,EUDKLP3DNRWR1DVIDW-DPPDK%UDQFKDW/RQGRQ
6RXWK %DQN 8QLYHUVLW\ 0U 0XULWDOD 0RKDPPHG 0U 0XWDUL $EXEDNDUL 15,
*UHHQZLFKIRUPHUVWXGHQW0V2PRODUD2ORUXQRMH0UDQG0UV6LNLUX2ZRQLNRNR
IRUWKHLUFRQVXPPDWHDVVLVWDQFHZKHQ,ZDVVLFNGXULQJP\UHVHDUFKSURJUDPPH

6SHFLDO UHFRJQLWLRQ LV GXH WR P\ GHDU EURWKHU 0U $IHH] $GHQL\L 2ZRQLNRNR P\
FRXVLQV%DUULVWHU$KPHG$GHQL\L5DML6$1DQG'U$EXEDNDU2OXVROD6DUDNL$OVR
P\JRRGIULHQG$GH2WHJEH\HZKRZHOFRPHGPHLQWR*UHDW%ULWDLQZLWKRSHQKDQGV
7KH\KDYHEHHQDVRXUFHRIKHOSDQGPRWLYDWLRQWRPH,ORYH\RXDOOVRPXFK
 
$%675$&7

7KH UXVK WR VXVWDLQDEOHUHQHZDEOH HQHUJ\ WR PLWLJDWH WKH JOREDO ZDUPLQJ RU JUHHQ
KRXVH JDV HPLVVLRQV LV JOREDO DQG LV LQFUHDVLQJ HYHU\GD\ HVSHFLDOO\ RQ
ELRHQHUJ\ELRIXHOV  &OHDQ 'HYHORSPHQW 0HFKDQLVP ZDV GHYHORSHG LQ WKH .\RWR
3URWRFRO WR HQVXUH WKH PLWLJDWLRQ RI JOREDO ZDUPLQJ LV DFKLHYHG LQ GHYHORSLQJ
FRXQWULHVDQGGHYHORSHGLQGXVWULDOLVHGFRXQWULHV7RDFKLHYHWKHVHLPSRUWDQWJRDOV
WKH ULJKW HTXLSPHQW WRKDQGOH DQGSURFHVVELRPDVVPDWHULDOV LV UHTXLUHG LQRUGHU WR
SURGXFHWKHFDUERQQHXWUDOHQHUJ\UHQHZDEOHHQHUJ\

,Q RUGHU WR VSHFLI\ WKH ULJKW HTXLSPHQW DQG WR HYDOXDWH WKH H[LVWLQJ SURFHVV
WHFKQRORJLHV ZKLFK DUH QRW PHHWLQJ WKH H[SHFWDWLRQV RI WKH LQGXVWU\ WKH EXON
PHFKDQLFDOIORZ SURSHUWLHV WKDW PDNH XS WKH IHHGVWRFN UDZ PDWHULDOV XVHG WR
JHQHUDWHWKHELRIXHOVQHHGVWREHFKDUDFWHULVHG 7KHSDUWLFOHV WKDWPDNHXSELRIXHOV
PDWHULDOVLHELRPDVVDQGZDVWHPDWHULDOVDUHH[WUHPHLUUHJXODULQVKDSH7KH\DUH
FODVVLILHG DV H[WUHPH VKDSH PDWHULDOV (60 ³&ODVV ´ E\ 7KH :ROIVRQ &HQWUH IRU
%XON6ROLGV+DQGOLQJ7HFKQRORJ\EDVHGRQ WKHLUPDQ\ \HDUVRI UHVHDUFK LQWR WKHVH
PDWHULDOV7KH\DUHHODVWLFILEURXVIODN\DQGVWULQJ\LQQDWXUHDQGKDYHDWHQGHQF\
WRQHVWRULQWHUODFH%UDGOH\DQG)DUQLVK)(00DWWVVRQ-(
%HOO7$-RKDQVRQ-50F*HH(GGLH([DPSOHVRI(60
DUHZRRGFKLSVPLVFDQWKXVHOHSKDQWJUDVVVKUHGGHGSDSHUPXQLFLSDOVROLGZDVWHV
LQGXVWULDO DQG FRPPHUFLDO ZDVWHV FRUQ VWRYHU VWUDZ ODZQ JUDVV FKLFNHQSRXOWU\
OLWWHUHWF

0RVW FRQYHUVLRQ SURFHVV WHFKQRORJLHV OLNH S\URO\VLV JDVLILFDWLRQ FRPEXVWLRQ
WUDQVHVWHULILFDWLRQDQDHURELFGLJHVWLRQIHUPHQWDWLRQXQGHUSHUIRUPEHFDXVHELRPDVV
DQG ZDVWH PDWHULDOV DUH UHVLVWDQW WR IORZ LQ WKH IHHGHU VLORKRSSHU ZKLFK VXSSOLHV
IHHGVWRFN LQWR WKH FRQYHUVLRQ FKDPEHUV  5HVHDUFK RXWSXWV KDYH VKRZQ WKDW WKH
UHVLVWDQFHWRIORZRIH[WUHPHVKDSHELRPDVVLVGXHWRWKHLUKLJKDVSHFWUDWLRLQKHUHQW
ORZ EXON GHQVLW\ LQKHUHQW KLJK PRLVWXUH FRQWHQW DQG WKHLU VWUHVV SKRELF QDWXUH
2ZRQLNRNR HW DO  -RKDQVRQ -5  %XQGDOOL 1  7KH 5RJHU HW DO
 %UDGOH\ DQG )DUQLVK  ZKLFK FRQWULEXWHV VLJQLILFDQWO\ WR WKHLU
QHVWLQJHQWDQJOHPHQWEHKDYLRXU,QRUGHUWRGHQHVWFODVVPDWHULDOV([WUHPH6KDSH
0DWHULDOVWKHIORZPHFKDQLFDOSURSHUWLHVRIWKHPDWHULDOVKDYHEHHQUHVHDUFKHG
 

7KH WHFKQLTXHV GHYHORSHG DQG DGRSWHG KDYH SURYLGHG D IUDPHZRUN WR SURGXFH D
GHVLJQ SURFHGXUH WR GHWHUPLQH WKH KRSSHU JHRPHWU\ ZDOO DQJOH RXWOHW VL]H DQG
LQWHUQDO ILQLVK UHTXLUHG WR HQVXUH D JLYHQ ELRPDVV DQG ZDVWH PDWHULDOV GLVFKDUJH
UHOLDEO\IURPWKHYHVVHO
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7DEOHRIFRQWHQWV

'HFODUDWLRQ
'HGLFDWLRQ
$FNQRZOHGJHPHQW
$EVWUDFW

&KDSWHU,QWURGXFWLRQDQG3UHOLWHUDWXUH5HYLHZ«««««««««««

,QWURGXFWLRQ
1RQUHQHZDEOH(QHUJ\       
6XVWDLQDEOH5HQHZDEOH(QHUJ\      
%LRIXHOV%LRHQHUJ\       
,QGXVWU\&RQWH[WWKHQHHGIRUFKDUDFWHULVDWLRQRIIORZDELOLW\
DQGGHVLJQRIVWRUDJHIDFLOLWLHV       
&KDUDFWHULVDWLRQRI3DUWLFOH6KDSH      
6WRUDJH9HVVHO*HRPHWU\       
&XUUHQW3UDFWLFHIRU&RQYHQWLRQDO3RZGHUV     
)ORZ2EVWUXFWLRQV        
&RPSDULVRQRI6WRUDJH9HVVHO*HRPHWU\     
5HVHDUFK2EMHFWLYHV        
3UHYLHZRIWKH5HVHDUFK:RUN       

&KDSWHU/LWHUDWXUH5HYLHZ««««««««««««««««««««

,QWURGXFWLRQ         
7UHQGLQ%LRHQHUJ\%LRIXHOV,QGXVWU\      
%LRPDVV          
,QGXVWULDO%HVW3UDFWLVHIRU6WRUDJHDQG+DQGOLQJRI%LRPDVV   
&XUUHQW%LRPDVV+DQGOLQJ7HFKQRORJ\IRU'LVFKDUJHIURP6WRUDJH  
)XOOOLYHERWWRPGLVFKDUJHUV       
0RYLQJ+ROH)HHGHU        
(YDOXDWLRQDXGLWLQJRIH[LVWLQJELRHQHUJ\SODQWV    
%LRPDVV&RQYHUVLRQ3URFHVVHV       
,QIOXHQFHRI%LRPDVV&KDUDFWHULVDWLRQRQWKH&RQYHUVLRQ3URFHVVHV  
%LRPDVV%XON)ORZ3URSHUW\&KDUDFWHULVDWLRQ7HVWV    
8QLD[LDO7HVWHU         
0RGHOVIRUWKHEHKDYLRXURIELRPDVV     
 
 6KHDU7HVWHUV         
7HQVLOH7HVWHU        
6LOR'LVFKDUJH7HVWV        
:ROIVRQ&HQWUH+RSSHU7HVW       
-DQ(ULN0DWWVVRQ¶V6LOR7HVW       
$SHUWXUH7HVWHUE\%XQGDOOL       
6XPPDU\          

&KDSWHU7HVW0DWHULDOVDQG3UHOLPLQDU\5HVXOWV«««««««««««

,QWURGXFWLRQ         
6HOHFWLRQRIWHVWPDWHULDOV([WUHPH6KDSH0DWHULDOV    
&KDUDFWHULVDWLRQRIWKHSDUWLFOHVL]HDQGVKDSH     
'HVFULSWLRQRISDUWLFOHGLPHQVLRQVGLVWULEXWLRQ    
+DPPHUPLOOHGZRRGPLVFDQWKXV      
:RRGVKDYLQJV        
2DWIODNHV         
6WUDZ          
5HHGFDQDU\JUDVV        
*UDVV$         
*UDVV%         
5HODWLRQVKLSEHWZHHQWKHSDUWLFOHVL]HDQGWHVWFHOOVLORJHRPHWU\  
&ROXPQ7HVW         
7HVWVHWXS         
7HQVLOH7HVWHU         
7HQVLOH7HVWHU'HVFULSWLRQ       
7HVW3URFHGXUH         
&RUH)ORZ7HVW         
'HVFULSWLRQRIWKHFRUHIORZWHVWULJ      
0RGHRI2SHUDWLRQRIWKH&RUH)ORZ7HVW     
0RGLILFDWLRQVWRWKH&RUHIORZWHVWULJ     
0DVV)ORZ7HVW         
 
0RGHRI2SHUDWLRQRIWKH5LJ       
6KHDU7HVWHU         
:ROIVRQ%URRNILHOG3RZGHU)ORZ7HVWHU     
6WDQGDUG)ORZ)XQFWLRQ7HVW       
3RZGHU)ORZ7HVWHU3URFHGXUH      
&KDSWHU5HVXOWV6XPPDU\DQG'LVFXVVLRQ([SORUDWRU\:RUN««««
,QWURGXFWLRQ         
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)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIZRRGVKDYLQJVDW
ZDOODQJOH         
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIZRRGVKDYLQJVDW
 
ZDOODQJOH         
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIVWUDZDWZDOODQJOH   
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIVWUDZDWZDOODQJOH   
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIRDWIODNHVDWZDOODQJOH  
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIRDWIODNHVDWZDOODQJOH  

)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIUHHGFDQDU\JUDVVDW
ZDOODQJOH         
)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIUHHGFDQDU\JUDVVDW
ZDOODQJOH         
)LJXUH7HQVLOHWHVWHUIHDWXUHV       
)LJXUH$UFKLQJ'LPHQVLRQV&RPSDULVRQIRU([WUHPH6KDSH0DWHULDOV$ 
)LJXUH%XONGHQVLW\IXQFWLRQVIRUH[WUHPHVKDSHPDWHULDOV   
)LJXUH7HQVLOHVWUHQJWKIXQFWLRQVIRUH[WUHPHVKDSHPDWHULDOVZLWKRXWVWUDZ 
)LJXUH7HQVLOHVWUHQJWKIXQFWLRQVIRUH[WUHPHVKDSHPDWHULDOVZLWK
VWUDZLQFOXGHG         
)LJXUH$VVXPPHG9HUWLFDO6WUHVV'LVWULEXWLRQVLQWKHSODQHIORZVLORIRUYDULRXV
H[WUHPHVKDSHPDWHULDOV        
)LJXUH$UFKLQJ'LPHQVLRQV&RPSDULVRQIRU([WUHPH6KDSH0DWHULDOV
ZLWKRXWVWUDZ%         
)LJXUH$UFKLQJ'LPHQVLRQV&RPSDULVRQIRU([WUHPH6KDSH0DWHULDOV
ZLWK6WUDZLQFOXGHG%        
)LJXUH$FWXDODUFKLQJGLPHQVLRQVYHUVXVEHGKHDGDWZDOODQJOH  
)LJXUH$FWXDODUFKLQJGLPHQVLRQVYHUVXVEHGKHDGDWZDOODQJOH  
)LJXUH&RUUHODWLRQEHWZHHQSDUWLFOHOHQJWKDQGDFWXDODUFKLQJGLPHQVLRQ 
)LJXUH3UHGLFWHGDUFKLQJGLPHQVLRQVYHUVXVEHGKHDG    
)LJXUH3UHGLFWHGDUFKLQJGLPHQVLRQVYHUVXVEHGKHDGZLWK6WUDZLQFOXGHG 


 

/,672)7$%/(6

7DEOH&RPSDULVRQRIWKHSDUWLFOHSURSHUWLHVDQGEXONGHQVLWLHV
RIWKHGLIIHUHQWH[WUHPHVKDSHPDWHULDOVWHVWHG     
7DEOH&RPSDULVRQRIDVVXPHGPHDQSDUWLFOHGLPHQVLRQVDQGWKHPLQLPXP
WHVWFHOOVLORGLPHQVLRQWRSUHYHQWWKHLQIOXHQFHRISDUWLFOHVL]HRQWKHUHVXOWV 
 
&KDSWHU,QWURGXFWLRQDQG3UHOLWHUDWXUH5HYLHZ

,QWURGXFWLRQ

7KH ZRUOG ZH OLYH LQ WRGD\ FDQQRW EH VXVWDLQHG ZLWKRXW WKH XVH RI HQHUJ\ EXW WKH
VRXUFHRI WKHHQHUJ\ LVYHU\SHUWLQHQW LIZHDUH WR OLYHD OLIH WKDW LV IUHHRIKD]DUGV
7KHFRPPRQVRXUFHVRIHQHUJ\DUHQRQUHQHZDEOH7KHUHQHZDEOHVRXUFHVWDSWKHLU
HQHUJ\ IURP WKH VXQ ZKLOH QRQUHQHZDEOH HQHUJ\ DUH IRVVLOV DQG WKH\ DUH GHSOHWLQJ
IDVW([DPSOHVRIUHQHZDEOHHQHUJ\DUHJHRWKHUPDOK\GURVRODUZDYHZLQGWLGDO
DQG ELRIXHOVELRHQHUJ\ ELRPDVV  7KH\ DUH DOO UHODWLYHO\ FOHDQ FRPSDUHG WR IRVVLO
IXHO VDIHXQOLNHQXFOHDUHQHUJ\DQG WKH\ZLOOQRW UXQRXW GHSOHWHXQOLNHIRVVLORLO
JDVDQGFRDO([DPSOHVRIQRQUHQHZDEOHHQHUJ\DUHFRDOSHWUROHXPDQGQXFOHDU

1RQUHQHZDEOH(QHUJ\
7KH:RUOG(QHUJ\&RXQFLORSLQHGWKDWWKHZRUOGZRXOGEHUHOLDQWRQQRQVXVWDLQDEOH
HQHUJ\IRUGHFDGHVWRFRPH*ROGHPEHUJ-RVH%RWKGHYHORSHGDQGGHYHORSLQJ
FRXQWULHVDUHFHUWDLQWRH[SDQGWKHLUXVHRIQRQVXVWDLQDEOHHQHUJ\IRVVLOIXHOV<HW
WKHUH ZLOO EH VWURQJ UHVLVWDQFH WR WKLV H[SDQVLRQ LI WKH QRQVXVWDLQDEOH HQHUJ\
FRPPXQLW\FDQQRWGHPRQVWUDWHWKDWLWFDQEHDFFRPSOLVKHGLQDPDQQHUWKDWUHGXFHV
HQYLURQPHQWDOGHJUDGDWLRQ

6XVWDLQDEOH5HQHZDEOH(QHUJ\

6XVWDLQDEOH HQHUJ\ VRXUFHV KDYH EHHQ SHUWLQHQW IRU KXPDQV VLQFH WKH LQFHSWLRQ RI
FLYLOL]DWLRQ6XVWDLQDEOHHQHUJ\WHFKQRORJLHVXVHIDFLOLWLHVWKDWDUHQRWFRQYHQWLRQDOO\
VXEMHFWWRHURVLRQ7KHHQHUJ\WKDWUHDFKHGWKHHDUWK¶VVXUIDFHIURPWKHVRODUUDGLDWLRQ
LVDERXWWLPHVPRUHWKDQDOO WKHZRUOG¶VHQHUJ\UHTXLUHPHQWV7KHSRWHQWLDORI
DYDLODEOH VXVWDLQDEOH HQHUJ\ LV HQRUPRXV WR WKH H[WHQW WKDW WKHLU VRXUFHV FDQ PHHW
PDQ\ WLPHV WKH FXUUHQW ZRUOG HQHUJ\ QHHGV 6XVWDLQDEOH HQHUJ\ FDQ PDNH WKH
SURYLVLRQ RI ORQJWHUP UHQHZDEOH HQHUJ\ VXSSOLHV PLQLPL]H JOREDO DQG ORFDO
HQYLURQPHQWDOSROOXWLRQ6XVWDLQDEOHHQHUJ\DOVRNQRZQDVUHQHZDEOHHQHUJ\SURYLGH
FKDQFHV IRU ORFDO SURGXFWLRQ RI HTXLSPHQW SRVVLELOLWLHV RI SURYLGLQJ FRPPHUFLDOO\
DSSHDOLQJRSWLRQVWRVDWLVI\VSHFLILFZDQWVLQUXUDODUHDVDQGGHYHORSLQJFRXQWULHVIRU
WKHLUHQHUJ\VHUYLFHVDQGIDFLOLWLHV7XUNHQEXUJ:LP&

 
%LRIXHOV%LRHQHUJ\
%LRHQHUJ\ LV WKH HQHUJ\SURGXFHG IURPELRPDVVRUZDVWHPDWHULDOV %LRPDVV LV DOO
SODQW DQG DQLPDO PDWWHU WKDW KDV QRW EHHQ IRVVLOLVHG  0DQ\ ELRPDVV VWUHDPV DUH
HIIHFWLYHO\ZDVWHPDWHULDOV %UDGOH\ :DVWHPDWHULDOVDUHRIWHQFODVVLILHG DV
ELRPDVVEHFDXVH WKH\DUHRUJDQLFDQGELRIXHOVFDQEHJHQHUDWHGIURPWKHP  ,Q WKLV
SURMHFWERWKELRPDVVDQGZDVWHPDWHULDOVDUHH[WUHPHLQVKDSHDQGWKH\ZLOOEHXVHG
LQWHUFKDQJHDEO\ 5DWLRQDOO\ZDVWHVDUHOHIWRYHUJHQHUDWHGIURPYDULRXVKRXVHKROGV
GRPHVWLFZDVWHV DQG LQGXVWULHV %LRPDVVFDQEHXVHG WRJHQHUDWHSRZHU (QHUJ\
PD\ EH JHQHUDWHG IURP ELRPDVV LQ GLIIHUHQW ZD\V VXFK DV OLTXLG IXHOV KHDW RU
HOHFWULFLW\ ([DPSOHVRIELRPDVVDQGZDVWHPDWHULDOVDUHDQLPDOGXQJFURSZDVWHV
OLNHFRUQVWRYHUZRRGZDVWHVOLNHZRRGFKLSVWUHHVPXQLFLSDOVROLGZDVWHVVKUHGGHG
SDSHU LQGXVWULDO DQG FRPPHUFLDO ZDVWHV DQG WKH FURS LWVHOI  7KH\ DUH JHQHUDOO\
UHIHUUHGWRDVELRPDVV7KHUHLVDYDVWUHVRXUFHWKDWLVODUJHO\XQWDSSHG7KLVEULQJV
DERXW WKH GLVFRYHU\ RI HQHUJ\ FURSV FURSV WKDW DUH LQWHQWLRQDOO\ JURZQ IRU WKH
SXUSRVH RI HQHUJ\ JHQHUDWLRQ OLNH EURRPFRUQ MDWURSKD SRSODUV PLVFDQWKXV VKRUW
URWDWLRQFRSSLFHFRUQHWF

7KHHQHUJ\FRQWHQWLQELRPDVVLVEDVLFDOO\IURPVRODUHQHUJ\GLUHFWO\IURPWKHVXQ
DQG LV NHSW LQ WKH ELRPDVV LQ WKH QDWXUH RI HQHUJ\ IURP FKHPLFDO LH FKHPLFDO
HQHUJ\  7KH FKHPLFDO HQHUJ\ WKDW LV VWRUHG LQ WKH ELRPDVV FDQ EH FRQYHUWHG LQWR
XVHIXO IRUP RI HQHUJ\ E\ D QXPEHU RI UHODWLYHO\ VLPSOH SURFHVVHV OLNH FRPEXVWLRQ
JDVLILFDWLRQS\URO\VLVIHUPHQWDWLRQDQDHURELFGLJHVWLRQDQGIHUPHQWDWLRQ

7KHLGHDRIPDQXIDFWXULQJFKHPLFDOVDQGIXHOVIURPELRPDVVLVQRWDQHZRQH6LQFH
WKH¶VFKHPLFDOVOLNHHWKDQROFHOOXORVHPHWKDQROYHJHWDEOHRLOVDQGRWKHUVKDYH
EHHQ H[WUDFWHG IURP ELRPDVV WR SURGXFH GLIIHUHQW HQG SURGXFWV ZKLFK VHUYH DV UDZ
PDWHULDOVIRUDQRWKHULQGXVWU\RUDVDILQDOSURGXFWIRUFRQVXPHUV7\SLFDOH[DPSOHV
RI WKHVH SURGXFWV DUH DGKHVLYHV VROYHQWV SDLQWV DQG V\QWKHWLF FORWKV  %LRPDVV
SURGXFWV ZHUH SKDVHG RXW DIWHU WKH LQWURGXFWLRQ RI SHWURFKHPLFDOV IURP
KWWSZZZHQHUJ\LDVWDWHHGXUHQHZDEOHELRPDVV DFFHVVHG RQ 'HFHPEHU 


7KLV SURMHFW LV IRFXVHG RQ SUHGLFWLQJ WKH VWRUDJH YHVVHO JHRPHWU\ UHTXLUHPHQWV IRU
UHOLDEOH GLVFKDUJH RI ELRPDVV DQG ZDVWH PDWHULDOV VR WKDW WKH\ FDQ EH XVHG IRU
 
FRPEXVWLRQRUSURFHVVHGIRUWKHSURGXFWLRQRIELRIXHOVIRUDXWRPRELOHVDQGRWKHUELR
EDVHG FKHPLFDO DSSOLFDWLRQV  )LJXUH  EHORZ VKRZV ZRRGFKLSV DV DQ H[DPSOH RI
ELRPDVVPDWHULDOV $WSUHVHQWSUHYLRXV UHVHDUFKDW7KH:ROIVRQ&HQWUHKDV VKRZQ
WKDW %LRPDVV DQG ZDVWH PDWHULDOV FDQ EH FDWHJRULVHG LQWR  FODVVHV %UDGOH\ DQG
)DUQLVK%UDGOH\

&ODVVDUHIUHHIORZLQJZLWKRXWH[WUHPHSDUWLFOHVKDSH7KH\DUHURXQGHGSDUWLFOHV
RUSHOOHWVEXWQRWFRKHVLYH 7KHLUEHKDYLRXU LV VLPLODU WRGU\VDQG 7KH\FRXOGEH
FRDUVHRUPHGLXPFUXVKHGPDWHULDOV ([DPSOHVRI WKLV W\SHRIPDWHULDOVDUHZKHDW
IHHGSHOOHWV D FHUHDOFRSURGXFWSHOOHWHGZRRGDQGVHZDJHVOXGJHSHOOHWV LQDGU\
FRQGLWLRQ

&ODVV  DUH FRKHVLYH ZLWKRXW H[WUHPH SDUWLFOH VKDSH  7KH\ DUH DOVR URXQGHG EXW
VLPLODUWRZHWVDQGLQEHKDYLRXU 7KH\FRXOGEHPLOOHGPDWHULDOVZHWSRZGHUVDQG
ILQHSRZGHUV$QH[DPSOHRIWKLVPDWHULDOLVPLOOHGQXWV

2QH RI WKH VLJQLILFDQW XQVROYHG FKDOOHQJHV IRU KDQGOLQJ ELRPDVV PDWHULDOV LV WKH
SUREOHP RI QHVWLQJ ³HQWDQJOLQJ´ WKDW RFFXUV ZKHQ ELRPDVV SDUWLFOHV DUH H[WUHPH LQ
VKDSHHJILEURXVVXFKDVJUDVVHVRUIODN\VXFKDVZRRGVKDYLQJV7KHVHPDWHULDOV
DUHNQRZQDV&ODVV



 

)LJXUH  :RRGFKLSV DQ H[DPSOH RI ELRPDVV VRXUFH KWWSQHZFDUIXHOVFRPZS
FRQWHQWXSORDGVZRRGFKLSVMSJ$FFHVVHGRQ'HFHPEHU

,QGXVWU\&RQWH[WWKHQHHGIRUFKDUDFWHULVDWLRQRIIORZDELOLW\DQGGHVLJQRI
VWRUDJHIDFLOLWLHV
&XUUHQWO\ WKHUHDUHFRDOILUHGSRZHUSODQWV WKDWKDQGOHELRPDVV DVFODVVLILHGE\
'HSDUWPHQWRI%XVLQHVV(QWHUSULVH DQG5HJXODWRU\5HIRUP LQ WKH8QLWHG.LQJGRP
%UDGOH\HWDO2WKHUHQHUJ\LQGXVWU\LQWKH8QLWHG.LQJGRP8QLWHG6WDWHVRI
$PHULFD DQG RWKHU SDUWV RI WKH ZRUOG DUH VZLWFKLQJ IURP IRVVLO IXHO JHQHUDWLRQ WR
UHQHZDEOH ELRIXHO JHQHUDWLRQ GXH WR QHZ JRYHUQPHQW OHJLVODWLRQ DQG FXVWRPHUV
SHUFHSWLRQDERXWWKHQHHGIRUJUHHQHQHUJ\7KHVHSRZHUJHQHUDWRUVZHUHLQLWLDOO\FR
ILULQJ ELRPDVV ZLWK FRDO HLWKHU GLUHFWO\ RU LQGLUHFWO\ EXW QRZ WKH\ DUH ORRNLQJ WR
FRQYHUW WR  ELRPDVV 7KLV FKDQJH KDV ZDUUDQWHG WKDW LQGXVWU\ PRGLI\ WKHLU
H[LVWLQJKDQGOLQJHTXLSPHQWOLNHVWRUDJHYHVVHOVRUSURFXUHQHZKDQGOLQJHTXLSPHQW
EHFDXVH RI WKH LQFRPSDWLELOLW\ EHWZHHQ WKH IORZ SURSHUWLHV RI WKH QHZ ELRPDVV
PDWHULDOV DQG WKH H[LVWLQJ KDQGOLQJ HTXLSPHQW  7KH FXUUHQW DSSURDFK WKDW PRVW
HQHUJ\LQGXVWULHVDQGHTXLSPHQWPDQXIDFWXUHUVXVHWRGHVLJQDQGUHGHVLJQRUUHWURILW
WKH KDQGOLQJ HTXLSPHQW LV D WULDO DQG HUURU DSSURDFK RU WKURXJKSXW EDVHG DSSURDFK
WRQKU RU WRQ\HDU EDVHG GHFLVLRQ  7KHVH DSSURDFKHV DUH DZNZDUG DQG FDXVH WKH
LQGXVWU\SURGXFWLRQGRZQWLPHDQGVRPHWLPHVLWFDXVHVWKHLQGXVWU\WRVKXWGRZQGXH
WRPDWHULDOIORZSUREOHPV7KH5DQG5HSRUW0HUURZ(GZDUG:FRPSDUHG
WKH VWDUWXS RI  QHZ SURFHVVLQJ SODQWV LQ WKH 86$  7KHVH ZHUH FKDUDFWHULVHG E\
 
IHHGVWRFN W\SH OLTXLGJDV UHILQHG VROLGV EXON VROLGV WKDW KDV EHHQ SURFHVVHG DQG
UDZVROLGVEXONVROLGVIUHVKO\PLQHGIURPWKHJURXQG+RZHYHUEDVHGRQWKHUHSRUW
VHHILJXUHEHORZLWGHPRQVWUDWHGWKDWOLTXLGJDVSODQWVFDQEHGHVLJQDGHTXDWHO\
EXWIRUUHILQHGDQGUDZVROLGVWKHUHLVDVHYHUHODFNRIGHVLJQJXLGDQFH5DZVROLGV
WDNHORQJHUWLPHWRVWDUWXSDVFRPSDUHGWRSODQQHGVWDUWXSWLPH%LRPDVVPDWHULDOV
DUH PRUH WURXEOHVRPH DQG GLIILFXOW WR KDQGOH WKDQ WKH UDZ VROLGV GLVSOD\HG LQ WKH
ILJXUHVRWKHDFWXDOVWDUWXSWLPHIRUELRPDVVPLJKWEHORQJHULISURSHUPHFKDQLFDO
FKDUDFWHULVDWLRQDSSURDFKLVQRWGXOO\SHUIRUPHG

)LJXUH,QGXVWULDOVWDUWXSWLPHIRUGLIIHUHQWIHHGVWRFNV0HUURZ(GZDUG

2IWHQDW\SLFDOELRPDVVSURFHVVLQJSODQWKDVPRUHVWRUDJHDQGFRQYH\RUV\VWHPVWKDQ
WKHDFWXDOFRQYHUVLRQSURFHVVHVOLNHFRPEXVWLRQJDVLILFDWLRQDQGS\URO\VLV%UDGOH\
 2YHU WKH \HDUV WKHKDQGOLQJHTXLSPHQW PDQXIDFWXUHUV DQGELRIXHOV LQGXVWU\
KDYHGLVSOD\HGDODFNRIPDWHULDOVFKDUDFWHULVDWLRQIORZSURSHUWLHVRIWKHPDWHULDOV
7KLVODFNRINQRZOHGJHKDVEHHQFRVWLQJWKHLQGXVWU\DORWRIPRQH\HYHU\\HDU7KH
LQFRPSDWLELOLW\ EHWZHHQ WKH FXUUHQW KDQGOLQJ HTXLSPHQW DQG IORZ SURSHUWLHV RI WKH
PDWHULDOVUHVXOWVLQVWRUDJHYHVVHOVWKDWGRQRWGLVFKDUJH7KHQRIORZFKDUDFWHULVWLFV
RIWKHPDWHULDOVDIIHFWWKHZKROHLQGXVWULDOSURFHVVXSDQGGRZQVWUHDPRIDSUREOHP
6RPH ELRPDVV KDQGOLQJ VROXWLRQV DUH FXUUHQWO\ DYDLODEOH OLNH IXOO OLYH ERWWRP
GLVFKDUJHUV HJ SODQHWDU\ VFUHZ GLVFKDUJHU %UDGOH\ DQG )DUQLVK  EXW WKHVH
DUHYHU\H[SHQVLYHPDNLQJLWGLIILFXOWIRUHQWUHSUHQHXUVWRHQWHUWKHUHQHZDEOHHQHUJ\
EXVLQHVVDQGPDNLQJLWGLIILFXOWIRUELRIXHOVWRFRPSHWHZLWKIRVVLOIXHOVDWWKHZRUOG
PDUNHW
 

$QRWKHU SUDFWLVH LQ WKH LQGXVWU\ LV WKH PLVFRQFHSWLRQ WKDW WKH YHVVHO ZDOO PXVW EH
QHJDWLYHO\ VORSHG WR SUHYHQW PHFKDQLFDO DUFK DQG UDWKROLQJ %XQGDOOL 
([DPSOHRI WKLV LV VKRZQ LQ WKH ILJXUHEHORZ $VD UHVXOWRI WKLVPLVFRQFHSWLRQ
QXPHURXVELRPDVVKDQGOLQJV\VWHPVDUHFXUUHQWO\XVLQJYHVVHOVZLWKODUJHRXWOHWDUHDV
ZKLFKUHTXLUHHQRUPRXVDQGH[RUELWDQWO\H[SHQVLYHIHHGHUV

)LJXUH&XUUHQW9HVVHO*HRPHWU\HPSOR\LQWKHLQGXVWU\%XQGDOOL

,QRUGHU WR VROYH WKHKDQGOLQJSUREOHPVDQGGLVSHO WKLVPLVFRQFHSWLRQ WKHQHHG IRU
FKDUDFWHULVDWLRQRIUHQHZDEOHHQHUJ\IHHGVWRFNUDZPDWHULDOVLVYHU\SHUWLQHQW 7KLV
ZLOOKHOSWRLGHQWLI\ZKHWKHUDVSHFLILFIHHGVWRFNZLOOEHWURXEOHVRPHRUZHOOEHKDYHG
GXULQJ KDQGOLQJ  $OVR WKH IORZ SURSHUWLHV PHDVXUHPHQWV ZLOO KHOS WR JXLGH WKH
KDQGOLQJHTXLSPHQWPDQXIDFWXUHUVLQWKHLUGHVLJQVWDJHDQGKHOSWKHLQGXVWU\DWODUJH
WRHYDOXDWHWKHH[LVWLQJSODQWV 7KLVSURMHFWKDVEHHQFDUULHGRXWLQRUGHUWRSURYLGH
WKLVJXLGHDQGSURYLGHQXPHULFDOGDWDWKDWZRXOGKHOSWRVROYHWKHKDQGOLQJLVVXHVLQ
WKHUHQHZDEOHHQHUJ\LQGXVWU\

&XUUHQWO\ WKHUHDUHHVWDEOLVKHGVWDQGDUGFKDUDFWHULVDWLRQWHFKQLTXHVOLNHVKHDUWHVWHU
HJ -HQLNH 6KHDU WHVWHU -HQLNH  %URRNILHOG SRZGHU IORZ WHVWHU %HUU\ HW DO
6FKXO]H5LQJVKHDUWHVWHU6FKXO]HIRUWUDGLWLRQDOSRZGHUVXVHGLQRWKHU
LQGXVWULHV OLNH IRRG LQGXVWU\ SKDUPDFHXWLFDO LQGXVWU\ FRDO LQGXVWU\ FKHPLFDO
 
LQGXVWU\ DV ZLOO EH H[SODLQHG ODWHU LQ FKDSWHU  VHFWLRQ   $OO WKHVH VKHDULQJ
WHFKQLTXHV DUH XQVXLWDEOH IRU H[WUHPH VKDSH PDWHULDOV ELRPDVV EHFDXVH WKH\ QHVW
WRJHWKHUDQGGRQRWVKHDU7KLVZLOOEHH[SODLQHGODWHULQFKDSWHUZKHUH%URRNILHOG
SRZGHUIORZWHVWHUZDVXVHGDVDVWDQGDUGVKHDUWHVWHUWRFRQGXFWWKHFRPSDUDWLYHWHVW
EHWZHHQ UHJXODU DQG LUUHJXODU VKDSH PDWHULDOV  7KHUHIRUH WKH QHHG WR GHYHORS DQG
SURYHDQHZFKDUDFWHULVDWLRQWHFKQLTXHKDVEHHQHVWDEOLVKHG

7KHSURMHFWKDVHYROYHGWRSURGXFHUHDVRQDEOHUHVXOWVWRJXLGHWKHELRPDVVLQGXVWU\
7KHUHVHDUFKKDVUHYHDOHGWKHNH\SUREOHPVEHKLQGWKHGLIILFXOW\RIKDQGOLQJELRPDVV
PDWHULDOV7KHSUREOHPVDUHYDULDEOHVOLNHSDUWLFOHVKDSHORZEXONGHQVLW\DQGKLJK
DVSHFWUDWLRRIWKHSDUWLFOHV([SHULPHQWDOLQYHVWLJDWLRQVZHUHFDUULHGRXWRQGLIIHUHQW
LQGXVWULDO ELRPDVV PDWHULDOV OLNH KDPPHU PLOOHG ZRRG PLVFDQWKXV VWUDZ ZRRG
VKDYLQJV DQG UHHG FDQDU\ JUDVV HWF  7KH UHVXOWV REWDLQHG IURP WKH H[SHULPHQWDO
LQYHVWLJDWLRQV ZHUH FRPSDUHG ZLWK SUHGLFWHG YDOXHV ZKLFK ZHUH FDOFXODWHG IURP D
QRYHO PDWKHPDWLFDO PRGHO 7KH WHFKQLTXHV HPSOR\HG WR FDUU\ RXW WKH H[SHULPHQWDO
LQYHVWLJDWLRQVDQGPHWKRGVXVHGWRIRUPXODWHWKHPDWKHPDWLFDOPRGHOVDUHSUHVHQWHG
LQFKDSWHUDQG

&KDUDFWHULVDWLRQRI3DUWLFOH6KDSH
,QRUGHUWRNQRZZKHWKHUDJLYHQPDWHULDOLVJRLQJWRIORZUHOLDEO\LQDVWRUDJHYHVVHO
DQGZKHWKHU WKHPDWHULDO LVJRLQJ WREHFRPSDWLEOHZLWK WKHVWRUDJHYHVVHO WKHQHHG
IRUFKDUDFWHULVDWLRQRIWKHPDWHULDOVLVYHU\LPSRUWDQW7KLVDOVRVHUYHVDVDJXLGHLQ
SUHGLFWLQJWKHVWRUDJHYHVVHOJHRPHWU\IRUWKHH[WUHPHVKDSHPDWHULDOV $UHYLHZRI
WKHOLWHUDWXUHKDVVKRZQWKDWWKHUHFRJQLVHGDSSURDFKIRUFKDUDFWHULVLQJSDUWLFOHVKDSH
LV WR GUDZ D FXERLG DURXQG WKH SDUWLFOH DQG GHILQH WKH OHQJWKV RI WKH ORQJHVW /
LQWHUPHGLDWH,DQGVKRUWHVW6GLPHQVLRQV%ORWW6LPRQDQG3\H.HQQHWK7KH
VKDSHFDQ WKHQEHGHILQHGRQ WKHGLDJUDPVKRZQEHORZ LQ ILJZKLFKJLYHV WKUHH
H[WUHPHVRISDUWLFOHVKDSH
x (TXDQWZKHUHDOOGLPHQVLRQDUHHTXDOVRSDUWLFOHLVDFXEHRUVSKHUH
x 3ODW\ ZKHUH WKH ORQJHVW DQG LQWHUPHGLDWH GLPHQVLRQV DUH HTXDO DQG DUH YHU\
PXFKODUJHUWKDQWKHVKRUWHVWGLPHQVLRQHJDIODNH
x (ORQJDWH ZKHUH WKH VKRUWHVW DQG LQWHUPHGLDWH GLPHQVLRQV DUH HTXDO DQG DUH
YHU\PXFKVPDOOHUWKDQWKHORQJHVWGLPHQVLRQHJDILEUH
 

7KLVFKDUDFWHULVDWLRQDSSURDFKKDVEHHQXVHG WRGHWHUPLQH WKH ORQJHVW LQWHUPHGLDWH
DQGVKRUWGLPHQVLRQVIRU WKHH[WUHPHVKDSHPDWHULDOVXVHGLQWKLVSURMHFW 7KHGDWD
REWDLQHGIURPWKLVPHDVXUHPHQWKDYHEHHQXVHG WRFDOFXODWHWKHDVSHFWUDWLRRIHDFK
PDWHULDO  7KH UHVXOWV DUH SUHVHQWHG LQ WDEOH  LQ FKDSWHU   7KH SUREOHP ZLWK WKLV
FKDUDFWHULVDWLRQ DSSURDFK KRZHYHU LV WKDW LW FDQ JLYH PLVOHDGLQJ LQIRUPDWLRQ LI
DSSOLHG WR SDUWLFOHV ZKLFK DUH FXUYHG VSOLW  (J D ³<´ VKDSH ILEUH ZRXOG EH
LQWHUSUHWHGDV³SODW\´ZKHQVWULFWO\LWLV³HORQJDWH´

)LJXUH&KDUDFWHULVDWLRQRISDUWLFOHVKDSH%ORWWDQG3\H


6WRUDJH9HVVHO*HRPHWU\
&RQYHQWLRQDO WKHRU\ LV WKDW H[WUHPH VKDSH PDWHULDOV ZLOO QRW GLVFKDUJH IURP D
FRQYHUJHQWKRSSHUXQGHUJUDYLW\KHQFHIXOOOLYHERWWRPYHVVHOVDUHXVHG,QRUGHUWR
GLVSHOWKLVPLVFRQFHSWLRQWKHQHHGWRGHVLJQDVWRUDJHYHVVHOWKDWGLVFKDUJHVH[WUHPH
VKDSHPDWHULDOVUHOLDEO\XQGHUJUDYLW\LVYHU\LPSRUWDQWWRWKHELRUHILQHU\LQGXVWU\

 
7KUHH PDMRU W\SHV RI VWRUDJH YHVVHOV WKDW DUH FRPPRQO\ XVHG LQ WKH LQGXVWU\ DUH
FRQLFDOVKDSHG KRSSHU ZHGJHVKDSHG KRSSHU DQG IODWERWWRPHG KRSSHU ILJXUH 
EHORZ
  
$%&
)LJXUH  $ &RQLFDOVKDSHG KRSSHU % :HGJHVKDSHG KRSSHU & )ODWERWWRPHG
F\OLQGHUKRSSHU

&XUUHQW3UDFWLFHIRU&RQYHQWLRQDO3RZGHUV
7KHFXUUHQWSUDFWLFHIRUVWRUDJHDQGGLVFKDUJHRIFRQYHQWLRQDOSRZGHUVLVPDVVIORZ
DQGFRUHIORZVLORVWRUDJH
x 0DVV IORZ VLOR ,W LV D IORZ SDWWHUQ LOOXVWUDWHG LQ ILJXUH  ZKHUHE\ WKH ILUVW
PDWHULDOWKDWHQWHUVWKHVWRUDJHFRPHVRXWILUVWDQGODVWPDWHULDOWKDWHQWHUVWKH
VWRUDJHFRPHVRXWODVW)LUVWLQILUVWRXW'XULQJGLVFKDUJHDOOWKHPDWHULDOLV
PRYLQJ  7KH HQWLUH FDSDFLW\ RI WKH VWRUDJH LV OLYH  7KHUH LV QR GHDG ]RQH
LQVLGHWKHVWRUDJH7KHPDWHULDOVVOLGHRQWKHZDOOHVSHFLDOO\DWWKHFRQYHUJLQJ
]RQHRI WKHVLORVHHILJXUHEHORZ 7KHDQJOHRIFRQYHUJHQFHLVJRYHUQHG
E\WKHPDJQLWXGHRIWKHIULFWLRQEHWZHHQWKHPDWHULDODQGWKHZDOO7KHKLJKHU
WKHZDOOIULFWLRQDQJOHWKHVWHHSHUWKHZDOOFRQYHUJHQFH
x &RUHIORZVLOR ,VD IORZSDWWHUQ LOOXVWUDWHG LQ ILJXUHZKHUHE\ WKHPDWHULDO
WKDW HQWHUV WKH VLOR ILUVW LV GLVFKDUJHG ODVW  'XULQJ GLVFKDUJH PDWHULDO IORZV
WKURXJKDFHQWUDOFRUHDERYHWKHRXWOHW0DWHULDOLVIHGLQWRWKHFRUHIURPWKH
WRSIUHHVXUIDFHDQGWKHPDWHULDODURXQGWKHZDOOUHPDLQVVWDWLFXQWLOWKHOHYHO
GURSV WR WKH SRLQW ZKHUH LW EHFRPHV WKH WRS VXUIDFH  7KH FRQYHUJLQJ ZDOO
DQJOH LV VKDOORZ FRPSDUHG WR PDVV IORZ  0DQ\ LQGXVWULDO VWRUDJH IDFLOLWLHV
GLVFKDUJH LQFRUH IORZVKRZQ LQ)LJXUHDQGPRVWELRPDVVSDUWLFOHVPHHW
WKHUHTXLUHPHQWXVXDOO\ VSHFLILHG IRUDFFHSWDELOLW\RIFRUH IORZUHTXLUHPHQWV
 
ZKLFK DUH IUHH IORZLQJ QRQGHJUDGLQJ FRDUVH HVSHFLDOO\ ZKHQ GULHG
VHJUHJDWLRQ LV QRW D EDUULHU 0DULQHOOL - DQG &DUVRQ -:   +RZHYHU
H[SHULHQFH KDV VKRZQ WKDW HYHQ WKRXJK PDQ\ ELRPDVV PDWHULDOV IXOILO WKHVH
FULWHULD RI DFFHSWDELOLW\ IRU FRUH IORZ GLVFKDUJH D ODUJH SURSRUWLRQ RI WKHP
ZLOOQRWIORZUHOLDEO\RUDWDOOLQWKLVPRGH

  
)LJXUH0DVVIORZVLOR

)LJXUH&RUHIORZVLOR

6RXUFHKWWSZZZJUHDFXNZROIVRQFHQWUHFRQVXOWDQF\KRSSHUVDQGVLORV


)ORZ2EVWUXFWLRQV

:KHQ SDUWLFOHV DUH VWRUHGFKDUJHG LQVLGH WKH YHVVHO WKH\ PD\ H[SHULHQFH IORZ
REVWUXFWLRQVZKHQWKH\DUHWREHGLVFKDUJHGIURPWKHYHVVHOHVSHFLDOO\ZKHQWKHIORZ
SURSHUWLHVRIWKHSDUWLFOHVDUHQRWWDNHQLQWRDFFRXQWZKHQWKHYHVVHOLVGHVLJQHGDQG
FRQVWUXFWHG 7KHPRVWFRPPRQIORZREVWUXFWLRQVDUHPHFKDQLFDODUFKLQJFRKHVLYH
DUFKLQJDQG UDWKROLQJ 7KH IORZREVWUXFWLRQVGHSHQGRQ WKHQDWXUHRI WKHSDUWLFOHV
HVSHFLDOO\SDUWLFOHVL]HDQGVKDSHDQGEXONFRKHVLYHQHVV7KHIORZREVWUXFWLRQVWKDW
DUHSHFXOLDUWRELRPDVVDUHPHFKDQLFDODUFKLQJDQGUDWKROLQJEDVHGRQH[SHULPHQWDO
LQYHVWLJDWLRQVFDUULHGRXWLQWKLVSURMHFW7KHFRPPRQIORZREVWUXFWLRQVDQGFULWLFDO
RXWOHW GLPHQVLRQ UHTXLUHG IRU WKH SDUWLFOHV WR GLVFKDUJH UHOLDEO\ IURP WKH YHVVHO DUH
EULHIO\GLVFXVVHGEHORZ

 
x 0HFKDQLFDO$UFKLQJ
0HFKDQLFDO DUFKLQJ LV WKH IORZ REVWUXFWLRQ LQ D PDVV IORZ RU FRUH IORZ YHVVHO
ZKHUHODUJHSDUWLFOHVHJFRDUVHRUH[WUHPHVKDSHPDWHULDOVDUHFRPSHWLQJIRU
WKHVPDOORXWOHWDVDUHVXOWWKH\IRUPDVWDEOHSDUWLFOHDUFKEULGJHDFURVVWKHRXWOHW
ZKLFKSUHYHQWVWKHGLVFKDUJHRIWKHSDUWLFOHVIURPWKHYHVVHO7KLVLVUHIOHFWHGLQ
WKHILJXUHEHORZ7KHJHQHUDOUXOHLQWKHOLWHUDWXUH0DULQHOOL-RVHSKLV
WKDW LI WKHRXWOHW RI VWRUDJHYHVVHO  SDUWLFXODUO\ FRQHV LV OHVV WKDQ WR WLPHV
JUHDWHU WKDQ WKH PD[LPXP SDUWLFOH VL]H WKHUH LV D SRVVLELOLW\ RI WKH PDWHULDOV
MDPPLQJDQGSURGXFLQJDPHFKDQLFDODUFKRYHUWKHRXWOHW


)LJXUH0HFKDQLFDO$UFKLQJ&RXUWHV\RI'U%HUU\

x &RKHVLYH$UFKLQJ
&RKHVLYH DUFKLQJ LV WKH IORZ OLPLWLQJ REVWUXFWLRQ WKDW WDNHV SODFH LQVLGH D PDVV
IORZYHVVHODQGLWLVSDUWLFXODUO\DVVRFLDWHGZLWKILQHSRZGHUV,WRFFXUVZKHQD
VWDEOH DUFK IRUPV DFURVV WKH RXWOHW RI WKH YHVVHO WKXV SUHYHQWLQJ IORZ RI WKH
SRZGHUIURPWKHYHVVHO  ,I WKHRXWOHWRIVLORZHUH LQFUHDVHGHYHQWXDOO\ WKHVHOI
ZHLJKWZRXOGH[FHHGVWUHQJWKRIWKHSRZGHUDQGDUFKZLOOFROODSVH7KLVLVVKRZQ
LQILJXUHEHORZ,WVKRXOGEHQRWHGWKDWDUFKLQJFDQRFFXULQDFRUHIORZYHVVHO
EXWRQFHWKHDUFKFROODSVHVUDWKROLQJZLOORFFXU
 

)LJXUH&RKHVLYH$UFKLQJ6RXUFH:ROIVRQ&HQWUHVKRUWFRXUVH&'

x 5DWKROLQJ
5DWKROLQJ DOVR NQRZQ DV SLSLQJ LV WKH IORZ OLPLWLQJ FRQGLWLRQ LQ D FRUH IORZ
YHVVHO 7KLV LVZKHUHWKHSRZGHUDERYHWKHRXWOHWGLVFKDUJHVEXW WKHPDWHULDODW
WKH WRS VXUIDFHGRHVQRW IORZ OHDYLQJD VWDEOH FRUH 7KLV LV VKRZQ LQ ILJXUH
EHORZ  ,I WKHRXWOHWGLDPHWHURI WKHVLOR LV LQFUHDVHG WKHKRRSVWUHVV LQ WKHFRUH
ZLOOLQFUHDVHDQGHYHQWXDOO\ZLOORYHUFRPHWKHVWUHQJWKRIWKHSRZGHUDQGFDXVH
IORZ

 
 
)LJXUH5DWKROLQJ6RXUFH7KH:ROIVRQ&HQWUHVKRUWFRXUVH&'

x &ULWLFDO$UFKLQJDQG5DWKROH'LPHQVLRQ
&ULWLFDO DUFKLQJ GLPHQVLRQ LV WKH PLQLPXP UHFRPPHQGHG RXWOHW GLPHQVLRQ IRU
YHVVHOJHRPHWU\IRUWKHJLYHQPDWHULDOSDUWLFOHWRGLVFKDUJHUHOLDEO\7KHVWDWHRI
DUW LQ WKLV WKHRU\ LV WKH ZRUN RI -HQLNH  +H IRUPXODWHG WZR PDWKHPDWLFDO
PRGHOV SUHVHQWHG EHORZ XVHG LQ HVWLPDWLQJ DUFKLQJ GLPHQVLRQ IRU FRQLFDO DQG
SODQH ZHGJH YHVVHO DQG UDWKROH GLPHQVLRQ +H GHYHORSHG WKH QXPHULFDO '
UDGLDO VWUHVV ILHOG PRGHO WR SUHGLFW WKH VWUHVV LQ PDVVIORZ KRSSHUV 7KH WZR
PRGHOV KDYH EHHQ VXFFHVVIXOO\ XVHG IRU WUDGLWLRQDO SRZGHUV VXFK DV FRDO IORXU
FHPHQW JUDQXODWHG VXJDU  ,W KDV DOVR EHHQ XVHG DV D IXQGDPHQWDO EDVH LQ
GHVLJQLQJ DQG FRQVWUXFWLQJ QHZ VKHDU WHVWHUV VXFK DV %URRNILHOG SRZGHU IORZ
WHVWHU%HUU\HWDO6FKXO]H5LQJVKHDUWHVWHU6FKXO]H

7KHSUHPLVHRIWKHIRUPXODHLVWKDWJUDYLW\IORZZLOOWDNHSODFHLQVLGHWKHYHVVHO
HLWKHU SODQH RU FRQLFDO SURYLGHG WKH VWUHQJWK GHYHORSHG E\ WKH PDWHULDO DW WKH
RXWOHWLVQRWVWURQJHQRXJKWRVXSSRUWWKHZHLJKWRIWKHPDWHULDODERYHLW,WPHDQV
WKHDUFKZLOOFUXVKDQGWKHPDWHULDOVWHQGWRIORZUHOLDEO\

 
)XUWKHUPRUHWKHFULWLFDODUFKLQJGLPHQVLRQLVGLUHFWO\SURSRUWLRQDOWRWKHFRKHVLYH
VWUHQJWKGHYHORSHGE\WKHPDWHULDODQGLQYHUVHO\SURSRUWLRQDOWRWKHEXONGHQVLW\
DQG DFFHOHUDWLRQ GXH WR JUDYLW\ 7KH VDPH WKHRU\ LV DSSOLFDEOH WR WKH UDWKROH
GLDPHWHUH[FHSWWKHVKDSHIDFWRUV>*ڧDQG+ڧ@ZKLFKDUHGLIIHUHQWIURPHDFK
RWKHU EDVHG RQ WKH GLIIHUHQFH EHWZHHQ DUFKLQJ GLPHQVLRQ ZKLFK UHSUHVHQWV WKH
RXWOHWDQGUDWKROHGLPHQVLRQ

&RQLFDO:HGJHYHVVHOIRUPXOD'SF ıF+ڧȡEJ(TXDWLRQ
:KHUH+ڧ§IRU&RQLFDO9HVVHODQG§IRU:HGJH3ODQHYHVVHO

5DWKROHGLDPHWHUIRUPXOD'UK ıF*ڧȡEJ(TXDWLRQ
:KHUH*ڧLVEHWZHHQ§UHJDUGOHVVRIWKHYHVVHOW\SH
 
ıF &RKHVLYHVWUHQJWKRIWKHEXONVROLG
ȡE %XONGHQVLW\VHOIZHLJKWRIWKHEXONVROLG
J $FFHOHUDWLRQGXHWRJUDYLW\PV
'SF &ULWLFDODUFKLQJGLPHQVLRQIRUFRQLFDODQGSODQHYHVVHOV
'UK 5DWKROHGLPHQVLRQIRUERWKFRQLFDODQGSODQHYHVVHO

7KHVH WZR SURPLQHQW PDWKHPDWLFDO PRGHOV KDYH EHHQ XVHG RYHU WKH \HDUV WR
SUHGLFW DUFKLQJ GLPHQVLRQ IRU FRKHVLYH PDWHULDOV  7KLV SURMHFW LV SDUWLFXODUO\
IRFXVHGRQH[WUHPHVKDSHPDWHULDOVZKLFKDUHQRWFRKHVLYHEXWWKHFRQFHSWRIWKH
PRGHOV KDYH EHHQ XVHG LQ WKLV SURMHFW HVSHFLDOO\ IRU WKH SODQH ZHGJH VKDSH
YHVVHO EDVHG RQ WKH UHDVRQV H[SODLQHG LQ FKDSWHU  VHFWLRQ   7KH
PDWKHPDWLFDOPRGHO IRU WKHSODQHYHVVHODERYHZDVPRGLILHG IRU WKLVSURMHFWE\
UHSODFLQJ WKH FRKHVLYH VWUHQJWK ZLWK WHQVLOH VWUHQJWK WR UHIOHFW WKH EHKDYLRXU RI
H[WUHPH VKDSH PDWHULDOV ZKHQ XQGHU VWUHVVSUHVVXUH  7KH\ RQO\ H[KLELW WHQVLOH
VWUHQJWKEHFDXVHRIWKHLULUUHJXODUVKDSHDQGWH[WXUH7KHPRGLILHGPDWKHPDWLFDO
PRGHO KDV EHHQ XVHG LQ HVWLPDWLQJ SUHGLFWHG DUFKLQJ GLPHQVLRQV IRU GLIIHUHQW
H[WUHPH VKDSH PDWHULDOV ZKLFK DUH SUHVHQWHG LQ FKDSWHU   7KH SUHGLFWHG GDWD
KDYHEHHQFRPSDUHGZLWKWKHH[SHULPHQWDODFWXDOGDWDLQFKDSWHU



 
&RPSDULVRQRI6WRUDJH9HVVHO*HRPHWU\

&RQLFDO DQG IODWERWWRPHG F\OLQGULFDO KRSSHUV VKRZQ LQ ILJXUH  DERYH DUH QRW
DSSURSULDWH IRU H[WUHPH VKDSH PDWHULDOV EHFDXVH WKH\ JHQHUDWH D FRUH IORZ SURILOH
LQVLGHVWRUDJHZKLFKLVXQGHVLUDEOHLQWKHELRHQHUJ\LQGXVWU\WKRXJKWKH\DUHHDV\WR
IDEULFDWH%DWHV/\Q7KH\DUHXQGHVLUDEOHLQWKHELRHQHUJ\LQGXVWU\EHFDXVH
PDWHULDOVFDQEHVWDWLF GHDG LQVLGH WKHVWRUDJHZLWKRXWPRYLQJ IRU ORQJSHULRGVRI
WLPHZKLFKFRXOGOHDGWRXQLQWHQGHGIHUPHQWDWLRQDQGIRUPDWLRQRIPRXOGVZKLFKFDQ
FDXVH³IDUPHUVOXQJ´GLVHDVHDOVRVHOIKHDWLQJDQGILUH:HGJHVKDSHKRSSHUVVKRZQ
LQILJXUHDERYHDUHPRUHIOH[LEOHDQGUREXVWWKDQFRQLFDODQGIODWERWWRPHGF\OLQGHU
KRSSHU 0DULQHOOL -RVHSK  -RKQ DQG -LDQMXQ  WKLV LV EHFDXVH YHVVHO
FRQYHUJHV LQ RQH GLUHFWLRQ RQO\ DQG PDVV IORZ FDQ EH DFKLHYHG DW VKDOORZHU
FRQYHUJHQFH7KH\FDQKDQGOHDZLGHUDQJHRIGLIIHUHQWPDWHULDOVOLNHH[WUHPHVKDSH
PDWHULDOV  7KH\ DUH DOVR IDYRXUDEOH IRU H[SHULPHQWDO LQYHVWLJDWLRQ EHFDXVH D
PHFKDQLVP WR FKDQJH ZDOO DQJOH DQG WKH RXWOHW VL]H FDQ EH GHYLVHG LQ RUGHU WR
H[SHULPHQWDOO\ GHWHUPLQH WKH PLQLPXP RXWOHW VL]H IRU IORZ RI GLIIHUHQW PDWHULDOV
7KLVUHVHDUFKSURMHFWKDVFKRVHQZHGJHVKDSHKRSSHUSODQHIORZKRSSHUDVWKHPDLQ
IRFXVRYHURWKHUKRSSHUW\SHEHFDXVHRIWKHDIRUHPHQWLRQHGUHDVRQV

3UDFWLFDOO\ERWKZHGJHVKDSHDQGIODWERWWRPF\OLQGHUKRSSHUVKDYHEHHQXVHGLQWKLV
SURMHFWWRFDUU\RXWWKHH[SHULPHQWDOLQYHVWLJDWLRQVRQYDULRXVELRPDVVPDWHULDOVOLNH
ZRRGFKLSVPLVFDQWKXVZRRGVKDYLQJVVWUDZODZQJUDVVVKUHGGHGSDSHURDWIODNHV
DQGUHHGFDQDU\JUDVV ([SHULHQFHSURYHVWKDWPDVVIORZFDQEHDFKLHYHGLQZHGJH
VKDSHKRSSHUSURYLGHGWKHRXWOHWVL]HLVZLGHHQRXJK7KHSUREOHPLVSUHGLFWLQJZKDW
WKHRXWOHW VL]H VKRXOGEHZLWKRXWKDYLQJ WR UHVRUW WRPHDVXULQJ LW 7KH IODWERWWRP
F\OLQGHU XVHG JHQHUDWHG FRUH IORZ ZLWK YHU\ SRRU GLVFKDUJH SHUIRUPDQFH IRU WKH
H[WUHPH VKDSH PDWHULDOV  %DVHG RQ WKH WHVW FRQGXFWHG WKH RXWOHW VL]H IRU FRUH IORZ
PXVWDSSUR[LPDWHO\HTXDOWRELQVL]HHJIXOOOLYHERWWRPEHIRUHPDWHULDOGLVFKDUJHV
UHOLDEO\

,Q WKLV SURMHFW ERWK H[SHULPHQWDO UHVXOWV REWDLQHG IURP WKH WHVW ULJV DQG SUHGLFWLYH
UHVXOWVREWDLQHGIURPWKHFRQVWLWXWLYHPDWKHPDWLFDOPRGHOVZLOOEHUHODWHG WRZHGJH
VKDSHSODQH IORZ KRSSHU H[FHSW ZKHUH LW LV RWKHUZLVH VWDWHG DV IRU IODW ERWWRP VLOR
ZKLFKZDVXVHGDWWKHLQLWLDOVWDJHRIWKHSURMHFW,WZDVXVHGIRUFRPSDUDWLYHVWXGLHV
 
EHWZHHQZHGJHVKDSHDQGIODWERWWRPVLORVZKLFKZHUHXVHGDVDGHFLVLRQPDNLQJWRRO
WRFKRRVHZHGJHVKDSHKRSSHUIRUWKHSURSHUSURFHVVWHVWIRURWKHULQGXVWULDOELRPDVV
PDWHULDOV

7ZRZHGJHVKDSHKRSSHUVKDYHEHHQXVHGLQWKLVSURMHFWWRFRQGXFWWKHH[SHULPHQWDO
LQYHVWLJDWLRQV  7KH UDWLRQDOH EHKLQG WKLV LV EHFDXVH WKH ILUVW H[LVWLQJ ZHGJH VKDSH
KRSSHU ZDV GHOLYHUHG RXW RI D 3K' SURMHFW WKDW ORRNHG LQWR WKH PHDVXUHPHQW RI
FRKHVLYHDUFKLQJRIQRQH[WUHPHVKDSHPDWHULDOV7KHWZRKRSSHUVZHUHFRQVWUXFWHG
IURPVWDLQOHVV%PDWHULDO 7KHPD[LPXPZLGWKRI WKLVKRSSHU ILUVWZHGJH VKDSH
KRSSHUZDVPPOHQJWKZDVPPDQGZDOODQJOHZDVWRWKHYHUWLFDOD[LV
'XULQJ WKH H[SHULPHQWDO LQYHVWLJDWLRQV WKDW ZHUH FDUULHG RXW RQ WKH ILUVW ULJ PRVW
ELRPDVVPDWHULDOV WHVWHGRQ WKLV ULJZRXOGQRW IORZUHOLDEO\DW DPPVORWZLGWK
7KH\ IRUPHG VWDEOH PHFKDQLFDO DUFKHV DQG UDWKROHG RIWHQ  7KXV D VHFRQG WHVW ULJ
ZDV UHTXLUHG  7KH VHFRQG WHVW ULJ ZDV GHVLJQHG DQG FRQVWUXFWHG WR DFFRPPRGDWH
PRUHPDWHULDOVLQRUGHUWRVHHWKHLPSDFWRIEHGKHDGRQWKHIORZDELOLW\DQGLQFUHDVH
WKHZLGWKRI WKH VORW WRPD[LPXPRIPPZKLOH WKH OHQJWKZDV VWLOO WKH VDPHDW
PP,QDGGLWLRQ WKHZDOODQJOHZDVPRUHIOH[LEOH 7ZRSURPLQHQWZDOODQJOHV
ZHUHXVHG	7KHUDWLRQDOHEHKLQGWKLVLVWRNQRZWKHLQIOXHQFHRIZDOODQJOH
RQWKHIORZDELOLW\RIH[WUHPHVKDSHPDWHULDOV5HVXOWVVKRZHGWKDWPDWHULDOVWHQGWR
IORZPRUH UHOLDEO\ DW ZDOO DQJOH WR WKHYHUWLFDO WKDQ DW WKHSDUWLFXODUO\ DW
ZLGHRXWOHWVL]HVIURPWRPP,WDOVRGHSHQGVRQWKHFKDUDFWHULVWLFVRIWKH
PDWHULDOV)RUH[DPSOHRDWIODNHVEHKDYHEHWWHUHYHQDWWKHVPDOOHVWRXWOHWVL]HOLNH
PPZKLOHVWUDZLVYHU\WURXEOHVRPHDQGRQO\IORZVUHOLDEO\DWELJJHVWRXWOHWVL]H
RIPP%RWKHPSLULFDODQGSUHGLFWLYHUHVXOWVDUHJLYHQLQFKDSWHUDQGWKH
DSSHQGLFHV  ,WVKRXOGEHQRWHGWKDWDOO WHVWVZHUHIRUXQFRQWUROOHGJUDYLW\GLVFKDUJH
IRU WKHELRPDVV 7KHXVHRI IHHGHUVWRFRQWUROIORZZDVQRWFRQVLGHUHGEHFDXVHZH
ZHUHLQWHUHVWHGSULPDULO\LQWKHPDJQLWXGHRIWKHRXWOHWVL]HUHTXLUHGIRUJUDYLW\IORZ
DQGWKHSUHVHQFHRIWKHIRUPHUZRXOGDIIHFWWKHIORZSDWWHUQDQGHIIHFWLYHRXWOHWDUHD
LIWKHJHRPHWU\RIWKHIHHGHULQWHUIDFHGLGQRWJLYHDQHYHQGUDZRYHUWKHRXWOHWDUHD

5HVHDUFK2EMHFWLYHV
7KLV SURMHFW LV IRFXVHG RQ FODVV  PDWHULDOV %UDGOH\ DQG )DUQLVK  H[WUHPH
VKDSHPDWHULDOVIURPKDQGOLQJSHUVSHFWLYH&ODVVDUHQRQFRKHVLYHIUHHIORZLQJDW
YHU\ ORZ VWUHVVHV H[WUHPH VKDSH PDWHULDOV HJ HLWKHU ILEUHV HORQJDWH RU IODNHV
 
SODW\DVGHILQHGSUHYLRXVO\LQVHFWLRQ7KH\DUHWKHPRVWGLIILFXOWWRKDQGOHDQG
GLIILFXOW WR FKDUDFWHULVH GXH WR WKHLU KLJK DVSHFW UDWLR ORZ EXON GHQVLW\ YDULDEOH
PRLVWXUHFRQWHQWHODVWLFLW\DQGWKHLUVWUHVVSKRELFQDWXUH([DPSOHVRIH[WUHPHVKDSH
PDWHULDOV DUH FKRSSHG VWUDZ DQG JUDVV FRUQ VWRYHU VDZGXVW ZRRG VKDYLQJV
FKLFNHQSRXOWU\ OLWWHU VKUHGGHG SDSHUSODVWLF PDQ\ ZDVWHV IURP VKHHW PDWHULDO
KHUEDFHRXVPDWHULDOVHWF

7UDGLWLRQDOO\WKHIORZSURSHUWLHVRIEXONVROLGVDUHFKDUDFWHULVHGXVLQJVKHDUFHOOVWKDW
KDYHDOLPLWHGVKHDUVWUDLQRUVKHDUGLVSODFHPHQW &ODVVPDWHULDOVGRQRWVKHDULQ
WKHFRQYHQWLRQDOVHQVHEHFDXVHWKH\DUHH[WUHPHO\HODVWLFDQGWHQGWRWDQJOHWRJHWKHU
VR DUH XQVXLWHG WR WKHVH WHFKQLTXHV  7KHUHIRUH OLWWOH ZRUN KDV EHHQ GRQH WR
FKDUDFWHULVHWKHP$VDUHVXOWRIWKLVWKHREMHFWLYHVRIWKLVSURMHFWZHUH

x &KDUDFWHULVDWLRQ RI WKH IORZ SURSHUWLHV RI WKH H[WUHPH VKDSH PDWHULDOV HJ
ILEURXVDQGVSULQJ\VROLGVOLNHZRRGFKLSVJUDVVSDSHUVKUHGVHWF
x 'HYHORSPHQWRIFRQVWLWXWLYHPRGHOIRUIORZRIH[WUHPHVKDSHPDWHULDOV
x 3URGXFWLRQRIKROLVWLFVLORGHVLJQJXLGHOLQHVIRUUHOLDEOHIORZRIH[WUHPHVKDSH
PDWHULDOV

3UHYLHZRIWKH5HVHDUFK:RUN
7KLVWKHVLVLVVWUXFWXUHGDVSUHVHQWHGEHORZ
x &KDSWHUUHYLHZVERGLHVRIOLWHUDWXUHUHOHYDQWWRWKHSURMHFWZRUN
x &KDSWHUGLVFXVVHVWKHELRPDVVWHVWPDWHULDOVHPSOR\HGLQWKLVSURMHFWDQGWKH
SDUWLFOH VL]HVKDSH FKDUDFWHULVDWLRQ LV GRFXPHQWHG 3UHOLPLQDU\ UHVXOWV DUH
SURYLGHG
x &KDSWHUGLVFXVVHVIXUWKHUUHVXOWVERWKH[SHULPHQWDODQGSUHGLFWLYHUHVXOWV
x &KDSWHUSUHVHQWVDQDO\VLVDQGPRGHOOLQJGHYHORSPHQWDQGWHVWLQJRIDUFKLQJ
PRGHO
x &KDSWHUGLVFXVVHVWKHGHYHORSPHQWDQGHYDOXDWLRQRIDFULWLFDODUFKPRGHO
x &KDSWHUSURYLGHVFRQFOXVLRQVRIWKHZRUNDQGUHFRPPHQGDWLRQVIRUIXUWKHU
ZRUN
 
&KDSWHU/LWHUDWXUH5HYLHZ

,QWURGXFWLRQ

3DUWRIWKHPHWKRGRORJLHVHPSOR\HGWRWDFNOHWKLVSURMHFWZDVWRUHYLHZWKHOLWHUDWXUH
UHODWLQJ WRELRPDVVKDQGOLQJ LQRUGHU WR LGHQWLI\ JDSV DQG IXUWKHUNQRZOHGJHRI WKH
UHVHDUFKDUHD6RPHDVSHFWVRIWKHOLWHUDWXUHKDYHEHHQUHYLHZHGLQWKHLQWURGXFWLRQ
&KDSWHURIWKLVWKHVLV7KHVWUXFWXUHRIWKHOLWHUDWXUHUHYLHZLVDVIROORZV6HFWLRQ
 GHVFULEHV SROLWLFDO WUHQGV IRU ELR HQHUJ\ SURGXFWLRQ ZKLOH VHFWLRQ  GHVFULEHV
WKH GLIIHUHQW W\SHV RI ELRPDVV PDWHULDO FXUUHQWO\ EHLQJ KDQGOHG  7KH FXUUHQW EHVW
SUDFWLFH IRU VWRUDJH YHVVHO GHVLJQ LV SUHVHQWHG LQ VHFWLRQ   9DULRXV ELRPDVV
FRQYHUVLRQ SURFHVVHV DUH SUHVHQWHG LQ VHFWLRQ   7KH FXUUHQW WHFKQLTXHV IRU
FKDUDFWHULVLQJWKHIORZSURSHUWLHVRIEXONVROLGVDQGWKHLUVXLWDELOLW\WRH[WUHPHVKDSH
ELRPDVVLVSUHVHQWHGLQVHFWLRQZKLOHWHFKQLTXHVIRUSDUWLFOHFKDUDFWHULVDWLRQDUH
SUHVHQWHGLQVHFWLRQ$VXPPDU\RIWKHOLWHUDWXUHLVJLYHQLQVHFWLRQ

7UHQGLQ%LRHQHUJ\%LRIXHOV,QGXVWU\

7KH'HSDUWPHQWRI(QHUJ\DQG&OLPDWH&KDQJHDUHVWUXJJOLQJLQRUGHUWRPHHWIXWXUH
(XURSHDQ 8QLRQ WDUJHWV WR SURGXFH  RI WKH 8QLWHG .LQJGRP¶V HQHUJ\ IURP
VXVWDLQDEOHVRXUFHVE\'HSDUWPHQWRI(QHUJ\DQG&OLPDWH&KDQJH$OVR
LQ WHQ \HDUV¶ WLPH WKH KLJKHU HGXFDWLRQ VHFWRU LV UHTXLUHG WR PLQLPLVH WKHLU
JUHHQKRXVH JDV HPLVVLRQV E\  DFFRUGLQJ WR WKH &OLPDWH &KDQJH $FW   ,Q
RWKHUSDUWVRIWKHZRUOGRIWRWDOHQHUJ\XVHGLQ&DQDGDFRPHVIURPVXVWDLQDEOH
VRXUFHV ZKLOH LQ 8QLWHG 6WDWHV RI $PHULFD  RI WRWDO HQHUJ\ LV IURP VXVWDLQDEOH
VRXUFHV)DVLQD2ODGLUDQ,Q6ZHGHQRIWRWDOHQHUJ\LVIURPVXVWDLQDEOH
VRXUFHV 7KH SHUFHQWDJH LV YHU\ VPDOO FRPSDUHG WR WKHLU WDUJHWV  $SDUW IURP WKH
JOREDOZDUPLQJLVVXHVWKHLUGHSHQGHQF\RQIRUHLJQRLOLVDIDFWRUIRUWKHLUZLOOLQJQHVV
WR JHQHUDWH PRUH HQHUJ\ IURP VXVWDLQDEOH VRXUFHV HVSHFLDOO\ 8QLWHG 6WDWHV RI
$PHULFD

,QDGGLWLRQE\UHQHZDEOHHQHUJ\LVH[SHFWHGWRSURYLGHDPLQLPXPRIRI
WKHWRWDOJDVROLQHDQGGLHVHOFRQVXPHGLQWUDQVSRUWE\PHPEHUVWDWHVRIWKH(XURSHDQ
8QLRQ XQGHU WKH UHQHZDEOH HQHUJ\ GLUHFWLYH RI WKH (XURSHDQ &RPPLVVLRQ
(&  0RVW RI WKHVH ELRIXHOV ZLOO FRPH IURP VHFRQG JHQHUDWLRQ QRQIRRG
 
JUDGHIHHGVWRFNZKLFKDUHH[WUHPHLQVKDSHDQGGLIILFXOWWRKDQGOHZLOOQRWFRPSHWH
ZLWK IRRG FURSV  ,Q RUGHU WR PHHW WKH KLJKOLJKWHG WDUJHWV DSSURSULDWH HTXLSPHQW
QHHGVWREHVSHFLILHGDQGSXWLQWKHULJKWSODFHDWWKHULJKWWLPH

7KH :RUOG (QHUJ\ 2XWORRN E\ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ LV JLYHQ EHORZ ILJXUH
ZKHUHELRPDVVFRQWULEXWHVDPDMRUTXRWD0WRH0LOOLRQWRQQHVRIRLO
HTXLYDOHQW SHU DQQXP  'HVSLWH WKH PDMRU FRQWULEXWLRQ RI ELRPDVV OLWWOH ZRUN KDV
EHHQGRQHWRFKDUDFWHULVHWKHLUEHKDYLRXUSURSHUWLHVZKLFKLVDUHTXLUHPHQWLIZHZDQW
WR DFKLHYH HIILFLHQW KDQGOLQJ DQG FRQYHUVLRQ SURFHVVHV LQ RUGHU WR PHHW WKH ZRUOG
HQHUJ\IRUHFDVWGHPDQGV
 

)LJXUH,QWHUQDWLRQDO(QHUJ\$JHQF\:RUOG(QHUJ\2XWORRNVRXUFH
KWWSZZZLRVDFDWKHBLVVXHVHQHUJ\BVXSSO\5HDFFHVVHGRQ-XO\


%LRPDVV

9DULRXVGHILQLWLRQVKDYHEHHQJLYHQWRELRPDVVE\GLIIHUHQWUHVHDUFKHUVEXWLQVLPSOH
WHUPVELRPDVVLVDOOSODQWDQGDQLPDOPDWWHUWKDWKDVQRWEHHQIRVVLOLVHGDVSUHYLRXVO\
GHILQHG LQ FKDSWHU   %LRPDVV KDV EHHQ FODVVLILHG DV ILUVW JHQHUDWLRQ DQG VHFRQG
JHQHUDWLRQ  )LUVW JHQHUDWLRQ ELRPDVV PDWHULDOV DUH IRRG JUDGH FURSV OLNH FRUQ
VXJDUFDQHZKHDWVRUJKXPYHJHWDEOHRLO +RZHYHUEHFDXVHRIJOREDOSUHVVXUHVRQ
IRRG JUDGH ELRPDVV WR FRQWURO IRRG SULFHV LQ ERWK GHYHORSLQJ DQG GHYHORSHG
FRXQWULHV WKHQHHG IRUVHFRQGJHQHUDWLRQELRPDVVDULVHV 8QLWHG6WDWHVRI$PHULFD
 
KDVRSLQHGWRJHQHUDWHELOOLRQOLWUHVRIELRHQHUJ\ELRIXHOVIURPVHFRQGJHQHUDWLRQ
ELRPDVV E\  (LVHQWUDXW $QVHOP   6HFRQG JHQHUDWLRQ ELRPDVV PDWHULDOV
DUH DOO QRQ IRRG JUDGH ELRPDVV PDWHULDOV WKHVH DUH D PL[ RI ZDVWH PDWHULDOV DQG
HQHUJ\FURSV$QHQHUJ\FURSLVDSODQWWKDWKDVEHHQJURZQIRUSXUSRVHRIKDUYHVWLQJ
DQG EXUQLQJ DV D IXHO  ([DPSOHV RI ZDVWH PDWHULDOV LQFOXGH VKUHGGHG SDSHU GULHG
GLVWLOOHUVJUDLQPHDWDQGERQHPHDOGULHGVHZDJHVOXGJH([DPSOHVRIHQHUJ\FURSV
PLJKW LQFOXGHZRRGFKLSVPLVFDQWKXVJUDVV VWUDZRLO VHHG UDSHFRSSLFHGZLOORZ
FRSSLFHGSRSODUMDWURSKDEURRPFRUQVZLWFKJUDVVHWF

0RVWVHFRQGJHQHUDWLRQELRPDVVSDUWLFOHVDUHH[WUHPHLQVKDSHDQGWKH\DUHKDQGOHG
LQEXONIRUP7KLVSURMHFWLVIRFXVHGRQH[WUHPHVKDSHELRPDVVPDWHULDOKDQGOLQJ

,QGXVWULDO%HVW3UDFWLVHIRU6WRUDJHDQG+DQGOLQJRI%LRPDVV
7KHFXUUHQWPHWKRGIRUHTXLSPHQWGHVLJQIRUELRPDVVDQGZDVWHPDWHULDOVKDQGOLQJLV
EDVHGRQ³WULDODQGHUURU´ZKLFKRIWHQUHVXOWVLQRYHUGHVLJQDQGXQGHUGHVLJQRIWKH
HTXLSPHQW7KLVUHVXOWVLQSURGXFWLRQGRZQWLPHEHFDXVHRILQFRPSDWLELOLW\EHWZHHQ
WKHELRPDVVPDWHULDOVDQGWKHHTXLSPHQWFDXVLQJSRRURUXQUHOLDEOHIORZRIWKHIXHO

&XUUHQW%LRPDVV+DQGOLQJ7HFKQRORJ\IRU'LVFKDUJHIURP6WRUDJH
7KH FXUUHQW ELRPDVV KDQGOLQJ PHWKRGV DUH EULHIO\ GLVFXVVHG LQ WKLV VHFWLRQ
&RQYHQWLRQDO WKHRU\ LV WKDW H[WUHPH VKDSH PDWHULDOV ZLOO QRW GLVFKDUJH IURP D
FRQYHUJHQWKRSSHUXQGHUJUDYLW\ KHQFH IXOO OLYHERWWRPYHVVHOV DUHXVHG  7KH WZR
FXUUHQWPHWKRGVDUHIXOOOLYHERWWRPGLVFKDUJHUVDQGPRYLQJKROHIHHGHUE\.DPHQJR
LQ&DQDGD
)XOOOLYHERWWRPGLVFKDUJHUV
7KH FXUUHQW SRSXODU KDQGOLQJ WHFKQRORJ\ IRU ELRPDVV DQG ZDVWH LV IXOOOLYHERWWRP
GLVFKDUJHU%UDGOH\DQG)DUQLVK%UDGOH\([DPSOHVRIIXOOOLYHERWWRP
GLVFKDUJHUDUHSODQHWDU\VFUHZGLVFKDUJHUSXVKIORRUVOLGLQJIUDPHGLVFKDUJHUDQG
ZDONLQJIORRUGLVFKDUJHU


 
0RYLQJ+ROH)HHGHU
7KLV LVDQRWKHUELRPDVVKDQGOLQJWHFKQRORJ\GHYHORSHGE\.DPHQJR7HFKQRORJ\LQ
&DQDGD  ,W LV D QRQFRQVROLGDWLQJ IHHGHU  7KH IHHGHU DYRLGV VKHDULQJ WKH PDWHULDO
LQVLGH WKH YHVVHO ZKLFK LQ WKH FDVH RI H[WUHPH VKDSH PDWHULDOV FDXVHV WKHP WR
FRQVROLGDWH DQG UHVLVWPRYHPHQW 7KHPRYLQJKROHIHHGHU LV QRW D IXOO OLYHERWWRP
EXWLWILWVRQWKHERWWRPRIDZHGJHVKDSHGKRSSHU0DWHULDOGLVFKDUJHVDVDUFKDERYH
IHHGHUVORWFROODSVHVEUHDNVDVILJXUHEHORZ%XQGDOL+RZHYHUWKHFRQFHSW
GRHV QRW WRWDOO\ VROYH PHFKDQLFDO DUFK LQ WKH VLORYHVVHO ZKLFK DUH FRPPRQ WR
ELRPDVV DQGZDVWHPDWHULDOV ,I WKHPHFKDQLFDO DUFK SDUWLFOHV HQWDQJOHPHQW LQ WKH
KRSSHUDERYHIDLOVWRFROODSVHEUHDNWKHPRYLQJKROHIHHGHUZLOOQRWEHHIIHFWLYH,H
WKHVSDQRIWKHPRYLQJKROHPXVWEHODUJHUWKDQWKHFULWLFDODUFKLQJGLPHQVLRQRIWKH
ELRPDVV
 
)LJXUH0RYLQJ+ROH)HHGHU&RQFHSW%XQGDOL

(YDOXDWLRQDXGLWLQJRIH[LVWLQJELRHQHUJ\SODQWV
$ ELRHQHUJ\ SODQW VXUYH\ ZDV FDUULHG RXW ZLWK WKH XVH RI D TXHVWLRQQDLUH 7KH
TXHVWLRQQDLUHZDVGHVLJQHGLQDVLPSOHIRUPDWVRWKDWWKHUHVSRQGHQWFDQDQVZHUWKH
TXHVWLRQVDVTXLFNO\DVSRVVLEOH7KHDLPRIWKHVXUYH\ZDVWRJDLQNQRZOHGJHRIWKH
NLQG RI ELRPDVV KDQGOLQJ LVVXHV WKH LQGXVWU\ LV IDFLQJ   RUJDQLVDWLRQV ZHUH
FRQWDFWHG DQG  RUJDQLVDWLRQV UHVSRQGHG  7KH IROORZLQJ OHVVRQV ZHUH OHDUQW DQG
YDULRXVREVHUYDWLRQVZHUHPDGH
 $ZLGHUDQJHRIELRPDVVDQGZDVWHPDWHULDOVDUHFXUUHQWO\EHLQJKDQGOHG LQ
WKH ELRHQHUJ\ LQGXVWU\ VXFK DV  ZRRG FKLSV KDUGZRRGV DQG VRIWZRRGV
 
SHOOHWV	EULTXHWWHVVWUDZPXQLFLSDOVROLGZDVWHVFKLFNHQOLWWHUVLODJHDSSOH
SRPDFH VOXUU\ ZKROH FURS ZKHDW SDOP UHVLGXH EDJDVVH VDZGXVW EDUN
VKDYLQJV IRUHVW UHVLGXH UHF\FOHG SDOOHWV FKDUFRDO VKUHGGHG ZDVWH UHIXVH
GHULYHGIXHODQGVOXGJH
 9DULRXV SDUWLFOH JUDGHV VKDSH DQG VL]H PRLVWXUH FRQWHQW ZRRG SHOOHWV
GLPHQVLRQZRRGEULTXHWWHGLPHQVLRQZHUHQRWHG
 9DULRXV W\SHV RI FRQYH\LQJ DQG IHHGLQJ V\VWHPV ZDONLQJ IORRU FRQYH\RUV
VFUHZ EHOW GUDJ OLQN VFUDSHU HWF DXJHUV EXFNHW HOHYDWRUV VLORV HWF ZHUH
QRWHG
 7KHNH\KDQGOLQJLVVXHVZHUHDZNZDUGVWRUDJHDQGIORZSURSHUWLHVGLIILFXOW\
LQ FKDUDFWHULVLQJ PDWHULDOV FRQYH\RUV MDPPLQJ GXH WR WKH LQFRUUHFW
VSHFLILFDWLRQRIZRRGEHLQJXVHGPDWHULDOVIORRGLQJKHDSLQJDQGEORFNDJHV
 0DWHULDOVSHFLILFDWLRQLVEDVHGRQDZLGHYDULHW\RIUHDVRQV6RPHFKRVHWKHLU
PDWHULDOEDVHGRQHQHUJ\RXWSXWUHTXLUHPHQWVRIWKHFRPEXVWLRQHTXLSPHQW
DYDLODELOLW\DQGFRVWGHILQHGE\ WKHFXVWRPHUV VKDSHDQGVL]HGHWHUPLQHE\
PDFKLQHDYRLGEORFNDJHRIPDFKLQHDQGFRUURVLRQHWF
0RVWUHVSRQGHQWVKDYHELRPDVVDQGZDVWHPDWHULDOKDQGOLQJSUREOHPV7KH\DJUHHG
WKDWWKHUHZLOOEHQRELRHQHUJ\EXVLQHVVZLWKRXWDGHTXDWHKDQGOLQJRIWKHIHHGVWRFN
*HWWLQJ WKHIHHGVWRFN WREHKDYHZHOO LQVLGH WKHVWRUDJHYHVVHOV UHTXLUHV WKHVWXG\RI
IORZPHFKDQLFDO SURSHUWLHV RI WKH IHHGVWRFN EHFDXVH GLIIHUHQW ELRHQHUJ\ LQGXVWULHV
HPSOR\GLIIHUHQWIHHGVWRFNV

%LRPDVV&RQYHUVLRQ3URFHVVHV
%LRPDVVFDQEHFRQYHUWHG LQWRHQHUJ\ LQ WKH IRUPRI WUDQVSRUW OLTXLG IXHO KHDWRU
SRZHU JHQHUDWLRQ  7KH PDLQ REMHFWLYH RI ELRPDVV SURFHVVLQJ EHIRUH LWV XVH LV WR
LPSURYHWKHFKDUDFWHULVWLFVRIWKHPDWHULDODVIXHO7KHFRQYHUVLRQSURFHVVHVXVXDOO\
LQYROYH WKH PLQLPL]DWLRQ RI WKH ZDWHU FRQWHQW RI WKH PDWHULDO UHVXOWLQJ LQ WKH
VLPXOWDQHRXV LQFUHDVH LQ LWV WKHUPDO YDOXH DQG HQVXUH LWV SUHVHUYDWLRQ DQG DGGLQJ
YDOXHWRWKHKDQGOLQJFKDUDFWHULVWLFVRIWKHPDWHULDOOLNHSURFHVVLQJLWLQWRIOXLGWKLV
PD\EHJDVRUOLTXLG&KDUOHVDQG(VVHO

(QHUJ\FDQEHSURGXFHGIURPELRPDVVXVLQJYDULRXVWUDQVIRUPDWLRQSURFHVVHV)LJXUH
GHSLFWVWKHEHVWWUDQVIRUPDWLRQZD\VWKDWDUHHPSOR\HGSURGXFWVDQGWKHLUYDULRXV
PDUNHWV DUH DOVR UHIOHFWHG 7KH FRQYHUVLRQ LV W\SLFDOO\ GRQH LQ WZR VWDJHV SULPDU\
 
DQG VHFRQGDU\ VWDJHV 7KHUH DUH WKUHH PDLQ W\SHV RI SULPDU\ VWDJH SURFHVVHV WKDW
FRQYHUWELRPDVVLQWRLQWHUPHGLDWHHQGSURGXFWV7KH\DUH
x 7KHUPDOSURFHVVHVZKLFKLQFOXGHJDVLILFDWLRQS\URO\VLVDQGFRPEXVWLRQ
x %LRORJLFDO SURFHVVHV ZKLFK LQFOXGH DQDHURELF GLJHVWLRQ K\GURO\VLV DQG
IHUPHQWDWLRQ
x &KHPLFDOSURFHVVHVZKLFKLQFOXGHWUDQVHVWHULILFDWLRQ

7KH SURGXFWV RI DOO WKHVH SURFHVVHV VHUYH DV IHHGVWRFNV UDZ PDWHULDOV IRU WKH
VHFRQGDU\VWDJHLQZKLFKWKHLQWHUPHGLDWHSURGXFWVDUHFRQYHUWHGWRHQHUJ\
)LJXUH,OOXVWUDWLRQRIFRQYHUVLRQSURFHVVHVSURGXFWVDQGPDUNHWV%ULGJZDWHU
7RQ\


,QIOXHQFHRI%LRPDVV&KDUDFWHULVDWLRQRQWKH&RQYHUVLRQ3URFHVVHV
$OO WKH FRQYHUVLRQ SURFHVVHV VWDWHG DERYH FDQ RQO\ SHUIRUP ZHOO LI WKH SURFHVV
HTXLSPHQW VXFKDV WKH VLORVWRUDJHYHVVHO DQG IHHGHU DUHGHVLJQHG LQ OLQHZLWK IORZ
PHFKDQLFDOSURSHUWLHVRI WKH IHHGVWRFN ELRPDVV 0RVWELRPDVVPDWHULDOV GRQRW
GHIRUPXQGHUVKHDUVWUHVVWKDWLVWKH\GRQRWVOLGHHVSHFLDOO\WKHVRFDOOHG³FODVV´
PDWHULDOV PDWHULDOV ZLWK H[WUHPH VKDSH %UDGOH\ DQG )DUQLVK  %DVX 3UDELU
 
,QVWHDGWKH\IRUPQHVWLQJERQGHQWDQJOHPHQWZKLFKFDXVHWKHLUUHVLVWDQFHWR
IORZ$VDUHVXOWRIWKLVWKH\IRUPODUJHDUFKVSDQDFURVVWKHRXWOHWRIWKHYHVVHODQG
IDLOWRIORZGLVFKDUJH:KHQWKLVKDSSHQVWKHXSVWUHDPSURFHVVZLOOQRWEHDEOHWR
IHHG WKHGRZQVWUHDPSURFHVV DQG WKLV FDQ OHDG WRSURGXFWLRQGRZQWLPHRU HYHQ WKH
VKXWGRZQ RI WKH SODQW  7KHVH NLQG RI WURXEOHVRPH FKDUDFWHULVWLFV SRVH D JUHDW
FKDOOHQJHWRWKHHTXLSPHQWGHVLJQHUDQGSURFHVVHQJLQHHU7KLVLVZKHUHWKLVUHVHDUFK
SURMHFWLVIRFXVHG


%LRPDVV%XON)ORZ3URSHUW\&KDUDFWHULVDWLRQ7HVWV
7KHJOREDOVKLIWWRDOWHUQDWLYHHQHUJ\LVLQFUHDVLQJGDLO\7KLVLVGULYLQJGHPDQGIRU
HQHUJ\ IURP UHQHZDEOH ELRPDVV IXHOV  ,Q RUGHU WR PHHW WKH GHPDQG ZLWK FRVW
HIIHFWLYHRSHUDWLRQVWKHUHLVDQHHGIRUQRYHOWHFKQRORJ\WKDWZLOOHQDEOHHTXLSPHQW
WREHGHVLJQHGIRUUHOLDEOHIORZRIWKHIHHGVWRFN

)HHGVWRFNV OLNH FKLFNHQ OLWWHU FRUQ VWRYHU ZRRG FKLSV PLVFDQWKXV VZLWFKJUDVV
PXQLFLSDO VROLG ZDVWH HWF IRU WKH UHQHZDEOH HQHUJ\ LQGXVWU\ DUH GLIILFXOW WR KDQGOH
EHFDXVHRIWKHLUH[WUHPHLUUHJXODUSDUWLFOHVKDSHDQGVL]HXQOLNHRUGLQDU\SRZGHURU
JUDQXODU PDWHULDOV WKH\ IRUP ³QHVWV´ EORFNLQJ IORZ FKDQQHOV  7KH HTXLSPHQW
SURYLGHUVGHVLJQHUVWRWKHELRHQHUJ\LQGXVWU\FXUUHQWO\HQFRXQWHUSUREOHPVRISXWWLQJ
YDOXHV WR WKH PHFKDQLFDOIORZ SURSHUWLHV RI WKH PDWHULDO WR FKDUDFWHULVH WKHP  7KH
IORZDELOLW\ PHDVXUHPHQW ZKLFK ZRUNV ZHOO ZLWK RUGLQDU\ SRZGHU DQG JUDQXOH
SDUWLFOHV WRWDOO\ EUHDNV GRZQ ZKHQ HPSOR\HG RQ ILEURXV LUUHJXODU VKDSHG ELRPDVV
PDWHULDOV%UDGOH\DQG)DUQLVK

8QLD[LDO7HVWHU
8QLD[LDO7HVW7HFKQLTXHLVD WUDGLWLRQDOPHWKRGRIGHWHUPLQLQJWKHDPRXQWRIVWUHVV
D[LDOVWUHQJWKDEXONSDUWLFXODWHFDQZLWKVWDQGEHIRUHLWFDQIORZRUFROODSVH 7KH
SURFHVVRIFRQGXFWLQJWKHWHVWLVYHU\VLPSOHDVDPSOHRISDUWLFXODWHPDWHULDOLVILOOHG
LQWRDF\OLQGULFDOPRXOGDQGFRPSUHVVHGD[LDOO\ZLWKDFRQWUROOHG ORDG 7KHUHDIWHU
WKHORDGDQGPRXOGDUHUHPRYHGVRWKDWWKHSDUWLFXODWHPDWHULDOLVXQFRQILQHGLHWKH
VWUHVVRQWKHVLGHVRIWKHFROXPQDUH]HUR$QLQFUHDVLQJYHUWLFDOORDGLVWKHQSODFHG
RQWRWKHWRSRIWKHFRPSDFWXQWLOLWIDLOV%UDGOH\DQG)DUQLVK2IWHQWKHEXON
 
SDUWLFXODWHIDLOVGLDJRQDOO\GXULQJWKHWHVWVHHILJXUH7KHXQFRQILQHGIDLOXUHWHVW
LV XVHIXO EHFDXVH LW GLUHFWO\ UHSOLFDWHV WKH VWUHVV FRQGLWLRQV WKDW D EXON SDUWLFXODWH
H[SHULHQFHVGXULQJDUFKLQJLQDKRSSHUDVVKRZQLQILJXUH7KHWHVWLVUHSHDWHGIRU
DQXPEHURI LQFUHDVLQJ FRQVROLGDWLRQ ORDGVDQG WKH UHVXOWVDUHXVHG WRFRQVWUXFW WKH
IORZIXQFWLRQ 7KH IORZIXQFWLRQVKRZQ LQ ILJXUHGHVFULEHV WKH IORZDELOLW\RID
EXON VROLG  7KH KRUL]RQWDO D[LV LV VWUHVV WR ZKLFK WKH EXON VROLG LV FRPSDFWHG WR
GXULQJFRQVROLGDWLRQ 7KHYHUWLFDOD[LVSUHVHQWV WKHFRUUHVSRQGLQJSHDNXQFRQILQHG
IDLOXUHVWUHQJWKVWKDWWKHFROXPQVFRXOGVXSSRUWSULRUWRIDLOXUH


)LJXUH8QLD[LDO8QFRQILQHG)DLOXUH7HVW RQ&RKHVLYH%XON6ROLGV &RXUWHV\ RI
'U5RE%HUU\

)LJXUH(OHPHQWRISRZGHULQDFRKHVLYHDUFKRYHUWKHRXWOHWRIDVLOR&RXUWHV\RI
'U5RE%HUU\
)URP ILJXUH  DERYH LW LV FOHDUO\ VKRZQ WKDW DOO VWUHVVHV LQ WKH FRKHVLYH DUFK DUH
FRPSUHVVLYH EHFDXVH RI WKH HTXDQW VKDSH RI WKH SRZGHU 7KH UHOHYDQFH RI WHQVLOH
 
VWUHQJWK KHUH LV WKDW PHFKDQLFDO DUFK WKDW IRUPV DW WKH YHVVHO RXWOHW ZKHQ H[WUHPH
VKDSHPDWHULDOVDUHLQWKHYHVVHOFDQEHXQWDQJOHGSURYLGHGWKHRXWOHWLVODUJHHQRXJK
7KHRXWOHW VL]H FRUUHVSRQGV WR WKH WHQVLOH VWUHQJWK LQ WKH VHQVH WKDWZKHQ WKH RXWOHW
JDWHLVRSHQRIWHQH[WUHPHVKDSHPDWHULDOVIRUPVPHFKDQLFDODUFKXQGHUWKHYHUWLFDO
VWUHVVQRUPDOVWUHVVEHFDXVHH[WUHPHVKDSHPDWHULDOVGRQRWVKHDUXQGHUWKHLURZQ
ZHLJKW7KHUHIRUHWHQVLOHIRUFHLVUHTXLUHGWRSXOOWKHHQWDQJOHGPDWHULDOVDSDUWIRUWKH
PDWHULDO WR IORZ 7KDW LV ZK\ WKH RXWOHW KDV WR EH LQFUHDVHG JUDGXDOO\ XQWLO WKH
PDWHULDOVXQWDQJOHWRWDOO\WKHUHE\JHQHUDWLQJIORZ

)LJXUH)ORZIXQFWLRQRIDSRZGHU&RXUWHV\RI'U5RE%HUU\
+RZHYHUWKHSUREOHPZLWKWKLVWHFKQLTXHXQLD[LDOWHVWHULVWKDWZKHQLWLVXVHGIRU
H[WUHPH VKDSHPDWHULDOV WKH VDPSOHGRHVQRW IDLO DQGFROODSVH  ,QVWHDG WKH VDPSOH
FRPSUHVVHV EXW UHPDLQV VWDEOH HYHQ ZKHQ WKH DSSOLHG ORDG LV PXFK ODUJHU WKDQ WKH
FRQVROLGDWLRQORDG7KXVWKHWHVWFDQQRWFKDUDFWHULVH WKHVWUHQJWKRIWKHVHPDWHULDOV
([SHULPHQWDOO\ WKLV WHFKQLTXH ZDV DGRSWHG RQ H[WUHPH VKDSH PDWHULDOV IRU IXUWKHU
UHVHDUFK LQYHVWLJDWLRQV RQ H[WUHPH VKDSH PDWHULDO FKDUDFWHULVDWLRQ  7KH WHVW ZDV
FRQGXFWHGRQKDPPHUPLOOHGZRRGZRRGFKLSVFKRSSHGPLVFDQWKXVVKUHGGHGSDSHU
ODZQJUDVVFKLFNHQOLWWHUDQGVDZGXVW 2YHUDOOLWZDVREVHUYHGWKDWLUUHVSHFWLYHRI
WKHDPRXQWRIORDGXVHGIRUFRPSDFWLRQDQGIDLOXUHWKHH[WUHPHVKDSHPDWHULDOVZLOO
QRWFROODSVHIDLOGLDJRQDOO\DVLQFRKHVLYHSRZGHUVEXWLWZLOOFUXVKHQWDQJOHQHVW
DQGIRUPDJUHDWLQWHQVHPDVVXQGHUWKHVWUHVVRIWKHPDWHULDOWKDWRYHUODLG%UDGOH\
DQG )DUQLVK%DWHV /\Q  $V D UHVXOW RI WKLV WKH XQLD[LDOO\ FRPSDFWHG
PDWHULDOHYHQWXDOO\IDLOHGE\EXFNOLQJILJXUHEHORZ
 


)LJXUH  8QLD[LDO 7HVW RQ FKLFNHQSRXOWU\ OLWWHU &RXUWHV\ IURP 'U 5RE %HUU\
:ROIVRQ&HQWUH

0RGHOVIRUWKHEHKDYLRXURIELRPDVV
:KHQ D FROXPQ RI JUDQXODU PDWHULDO RU SRZGHU WKDW KDV SDUWLFOHV WKDW DUH
DSSUR[LPDWHO\ URXQGHG RU HTXDQW LV FRPSUHVVHG LQ D FRQILQHG F\OLQGHU WKH SDUWLFOH
FRQWDFWV WHQG WR URWDWH VRPHZKDW VR WKDW VRPH RI WKH DSSOLHG ORDG LV WUDQVPLWWHG
KRUL]RQWDOO\  7KLV LV WKH VWUHVV UDWLR RI WKH PDWHULDO . DQG WKH FRQFHSW RI WKLV LV
LOOXVWUDWHG LQ ILJXUH D EHORZ  ,I WKLV H[SHULPHQW LV UHSHDWHG ZLWK H[WUHPH VKDSH
ELRPDVVPDWHULDOVYHU\GLIIHUHQWEHKDYLRXULVREVHUYHG

,I WKHH[WUHPHVKDSHPDWHULDO LVPDGHXSRISDUWLFOHV WKDW DUHYHU\HODVWLFZKHQ WKH
FROXPQV RI SDUWLFOHV DUH FRPSUHVVHG LQ D YHUWLFDO GLUHFWLRQ WKH SDUWLFOHV GHIRUP
HODVWLFDOO\ LQ VXFKDZD\ WKDW WKHSDUWLFOHV IODWWHQ DQG WKH LQWHUSDUWLFOH ORDG UHPDLQV
YHUWLFDODQGWKHUHLVQRODWHUDOWUDQVPLVVLRQRIWKHORDG7KLVFRQFHSWLVLOOXVWUDWHGLQ
%UDGOH\DQG)DUQLVKILJXUHEEHORZ,IWKHSDUWLFOHVRIWKHH[WUHPHVKDSH
PDWHULDODUHULJLGWKHYHUWLFDOGHIRUPDWLRQLVUHGXFHGEXWWKHDELOLW\RIWKHSDUWLFOHVWR
URWDWH LV SUHYHQWHG E\ WKH PDQ\ FRQWDFWV RYHU WKH OHQJWK VR WKH ORDG WUDQVPLVVLRQ
UHPDLQVYHUWLFDODQG WKHUH LVQR ODWHUDO WUDQVPLVVLRQRI WKH ORDG+HQFH WKHPDWHULDO
GRHVQRWVSUHDGODWHUDOO\DQGIDLODVDSRZGHUZRXOG

 
DQQXOXVPPZLGWK7KLVJLYHVYHU\VPDOOSDUWLFOHWRSVL]HPP%HUU\5-
HWDO
7KH RQO\ DOWHUQDWLYH LV WKH ODUJH :ROIVRQ $QQXODU WHVWHU ILJXUH  P GLDPHWHU
ZKLFKKDVDUHFRPPHQGHGSDUWLFOHWRSVL]HRIDURXQGPP.KDQ1DXVKDG
2QWRSRIDOOWKLVZHNQRZIURPH[SHULHQFHRIWKHXQLD[LDOWHVWHUWKDWWKHVHPDWHULDOV
GR QRW VKHDU GXULQJ IDLOXUH VR WKH URWDWLRQDO GLVSODFHPHQW RI WKH FHOO FDXVHV WKH
PDWHULDOWREDOOXSDWWKHEDFNRIHDFKSRFNHWUHVXOWLQJLQDQLQFUHDVHLQ WKHVDPSOH
KHLJKW DQG ORFDOLVHG WLOWLQJ RI WKH OLG  7KXV WKLV WHVW LV LQDSSURSULDWH EHFDXVH WKH
DVVXPSWLRQWKDWVKHDUIRUFHVDUHXQLIRUPRYHUWKHFURVVVHFWLRQDODUHDRIWKHFHOODUHLQ
HUURU DQG DFWXDOO\ PHDVXUHV WKH WRUTXH RU VKHDU VWUHVV UHTXLUHG WR UHGLVWULEXWH WKH
PDWHULDODURXQGWKHWURXJK

,QDGGLWLRQDIXOOUDQJHRIH[LVWLQJWHVWHUVKDYHEHHQUHYLHZHGE\%HUU\5-
&DUVRQ -:  DQG 6FKZHGHV -   $JDLQ WKH UHYLHZHG WHVWHUV DUH RQO\
VXLWDEOH IRU RUGLQDU\ SRZGHUV DQG JUDQXODU SDUWLFOHV  7KXV WKH QHHG IRU SUHGLFWLQJ
VWRUDJHYHVVHOUHTXLUHPHQWVIRUUHOLDEOHGLVFKDUJHRIELRPDVVZDVWHSDUWLFOHVH[WUHPH
VKDSHPDWHULDOVLVHVWDEOLVKHGDQGHVVHQWLDO

 

)LJXUH/DUJH:ROIVRQ$QQXODU6KHDU7HVWHU&RXUWHV\RI'U5RE%HUU\


7HQVLOH7HVWHU
.KDQ1DXVKDGDQG &KHYDQDQ1HKUXHW DO FRQVWUXFWHGGLIIHUHQW ODUJH
YHUVLRQRIVKHDUFHOOWRPHDVXUHWKHIORZDELOLW\GDWDRIVRPHELRPDVVPDWHULDOVVXFK
DVFKRSSHGVZLWFKJUDVVZKHDWVWUDZDQGFRUQVWRYHUZKLFKDUHH[WUHPHLQVKDSHEXW
LQ UHDOLW\ELRPDVVPDWHULDOVZLWK H[WUHPH VKDSH SDUWLFOHVGRQRW VKHDU VOLGHXQGHU
WKHLU RZQ ZHLJKW 7KH IORZ GDWD IURP 1HKUX¶V VKHDU FHOO FDQQRW UHSOLFDWH ZKDW
GHVLJQHUVZLOOH[SHULHQFHLQUHDOOLIHLHLWFDQQRWEHXVHGWRGHVLJQELRPDVVKDQGOLQJ
HTXLSPHQWV$VDUHVXOWRIWKLVOLPLWDWLRQDQHZELD[LDOWHVWHUZDVFRQFHLYHGDW7KH
:ROIVRQ &HQWUH IRU %XON 6ROLGV +DQGOLQJ 7HFKQRORJ\ QDPHG 7HQVLOH 7HVWHU 7KH
WHQVLOHWHVWHUZDVGHVLJQHGDQGFRQVWUXFWHGWRVWXG\WKHHIIHFWRIVWULSOHQJWKRQIORZ
RI VKUHGGHG VKHHW PDWHULDO ,GDJERQ 1LFKRODV   ,W FDQ DOVR EH HPSOR\HG WR
PHDVXUHWKHWHQVLOHVWUHQJWKRIRWKHUELRPDVVPDWHULDOVHVSHFLDOO\³FODVV´ELRPDVV
,WZRXOGEHQHILW IURP IXUWKHU UHHQJLQHHULQJ LQ WKLV SURMHFWZLWK D ORDGFHOO WR DOORZ
PHDVXUHPHQW RI ZLGH YDULHWLHV RI ELRPDVV DQG ZDVWH PDWHULDOV EXW LW ZDV XVHG
 
VXFFHVVIXOO\LQWKLVSURMHFW7KHPHFKDQLVPRIWKHWHVWHUDQGGHWDLOHGLOOXVWUDWLRQDUH
JLYHQLQFKDSWHU

6LOR'LVFKDUJH7HVWV
'XHWRWKHIDLOXUHRIWKHWUDGLWLRQDOVKHDUWHVWHUVWRPHDVXUHWKHIORZDELOLW\SDUDPHWHUV
RIH[WUHPHVKDSHPDWHULDOV VLORKRSSHU WHVWPHWKRGVKDYHEHHQGHYHORSHGRYHU WKH
\HDUV E\ 7KH :ROIVRQ &HQWUH IRU %XON 6ROLGV +DQGOLQJ 7HFKQRORJ\ %UDGOH\ DQG
)DUQLVK 0DWWVVRQ 0DWWVVRQ 0DWWVVRQ DQG .RIPDQ 
0DWWVVRQ HW DO  %XQGDOOL 1  (FNKRII DQG /HYHUVHQ  :ULJKW


:ROIVRQ&HQWUH+RSSHU7HVW
7KHKRSSHUWHVWULJLVDZHGJHVKDSHKRSSHU7KHSULQFLSDOLVWKHVDPHZLWK(FNKRII
	/HYHUVHQDQG:ULJKW,WLVGHVLJQHGLQVXFKDZD\WKDWWKHJHRPHWU\
FDQ EH FKDQJHG LQ RUGHU WR IDFLOLWDWH LQFUHDVH LQ WKH RXWOHW VL]H XQWLO WKH PDWHULDO
GLVFKDUJHV UHOLDEO\ $OVR WKH UHTXLUHG ZDOO VORSH WR DFKLHYH PDVV IORZ FDQ EH
REWDLQHG)LJXUHEHORZVKRZVFKRSSHGSODVWLFIODNHVLQVLGHWKHKRSSHUWHVWULJ

)LJXUH:ROIVRQ&HQWUH+RSSHU7HVW5LJ&RXUWHV\IURP'U5RE%HUU\



 
-DQ(ULN0DWWVVRQ¶V6LOR7HVW
7KHFRQFHSWLVVLPLODUWR:ROIVRQ¶VKRSSHUWHVWULJEHFDXVHLWDOVRDGRSWVWKHLGHDRI
LQFUHDVLQJWKHRXWOHWVL]HXQWLOWKHPHFKDQLFDODUFKFROODSVHEUHDNDQGPDWHULDOVVWDUW
GLVFKDUJLQJIORZLQJ  +RZHYHU LQVWHDG RI XVLQJ D FRQYHUJLQJ KRSSHU LW XVHV D IODW
ERWWRPHGYHVVHO7KHFULWLFDORXWOHWDWZKLFKWKHPDWHULDOV([WUHPH6KDSH0DWHULDOV
VXFKDVUHHGFDQDU\JUDVVZKHDWVWUDZVDOL[VKRRWVFKXQNVELUFKVWHPZRRGFKXQNV
VDZGXVWZRRGSRZGHUZRRGSHOOHWVVDOL[VKRRWVFKLSVELUFKVWHPZRRGFKLSVZRRG
EULTXHWWHV ELUFK VWHPZRRG FKXQNV ORJJLQJ UHVLGXHV FKLSV VWDUW IORZLQJ UHOLDEO\ LV
PHDVXUHGDVWKHUHOLDEOHRXWOHWVL]HIRUWKHSDUWLFXODUPDWHULDOV7KHOLPLWDWLRQWRWKLV
NLQG RI WHFKQLTXH LV WKDW LW GRHV QRW JLYH ZDOO VORSH UHTXLUHG WR DFKLHYH PDVV IORZ
SDWWHUQLQVLGHWKHVWRUDJHZKLFKLVGHVLUHGLQLQGXVWU\)LJXUHLOOXVWUDWHWKHFRQFHSW
,QDGGLWLRQ0DWWVVRQ¶VDSSURDFKZDVVROHO\EDVHGRQH[SHULPHQWDO LQYHVWLJDWLRQVLQ
GHWHUPLQLQJWKHFULWLFDORXWOHWGLPHQVLRQIRUWKHELRPDVVPDWHULDOV1RPDWKHPDWLFDO
PRGHO KDV EHHQ GRQH WR FDOFXODWH WKH FULWLFDO RXWOHW GLPHQVLRQ IRU WKH ELRPDVV
PDWHULDOVEDVHGRQWKHDYDLODEOHOLWHUDWXUHV

)LJXUH0DWWVVRQ¶V6LOR'LVFKDUJH7HVW&RQFHSW2XWOHWVL]HFRQWLQXRXVLQFUHPHQW
0DWWVVRQDQG.RIPDQ


$SHUWXUH7HVWHUE\%XQGDOOL
7KH FRQFHSW RI DSHUWXUH WHVWHU ZDV XVHG WR IXUWKHU GHYHORS WKH PRYLQJ KROH IHHGHU
FRPPHUFLDOLVHG E\ .DPHQJR 7HFKQRORJ\ LQ &DQDGD DV GHVFULEHG LQ WKH SUHYLRXV
FKDSWHU7KHDSHUWXUH WHVWHU LVPDGHRIDER[ WKDW LV UHFWDQJXODU LQ VKDSHZLWKFOHDU
VLGHV PDGH RI SODVWLF ILJXUH  7KH ER[ ERWWRP LV IRUPHG E\ GXDO VWDLQOHVV VWHHO
VOLGHVWKDWDUHSROLVKHG7KHVOLGHVFRQYHUJHLQWKHPLGGOHRIWKHER[7KH5RJHUHWDO
5HWUDFWLQJWKHVOLGHVJHQHUDWHVDQRXWOHWVL]HEHQHDWKWKHER[ZKLFKLVVLPLODU
EXWQRWH[DFWWR:ROIVRQ¶VKRSSHUWHVWDQG0DWWVVRQ¶VVLORWHVW$OVRWKLVWHVWHUGRHV
QRWLQGLFDWHZDOOVORSHUHTXLUHGWRDFKLHYHPDVVIORZILUVWLQILUVWRXWSDWWHUQLQVLGH
WKHVWRUDJHYHVVHO


 
OLNHPDWFKVWLFNVDUHVXEMHFWHGWRFRQVROLGDWLRQORDGıDIWHUWDNLQJWKHPRXOGRII
DQG FRQVROLGDWLRQ ORDG WKHUH LV QR VSULQJEDFN HIIHFW WKH\ UHPDLQ VWDJQDQW XQOLNH
IOH[LEOHHODVWLFPDWHULDOVZKLFKPRVWELRPDVVDUHWKH\VSULQJEDFNDIWHUWDNLQJRII
WKHPRXOGDQGWKHFRQVROLGDWLRQORDG6HHILJXUHEHORZWKXVVDPSOHORVHVVWUHQJWK
SULRUWRIDLOXUHPHDVXUHPHQW

)LJXUH,OOXVWUDWLRQRIULJLGDQGHODVWLFH[WUHPHVKDSHPDWHULDOV

7KXV H[WUHPH VKDSH ELRPDVV PDWHULDOV KDYH KLJK DVSHFW UDWLR WKH\ KDYH ORZ EXON
GHQVLW\VRJUDYLW\H[HUWVVPDOOIRUFHRQWKHP:KHQWKH\DUHXQGHUVWUHVVWKH\PDW
NQLW HQWDQJOHQHVW WRJHWKHU  7KH ILUVW VHOHFWHG PDWHULDO ZDV PDWFKVWLFNV EHFDXVH
VRPHH[WUHPHVKDSHPDWHULDOVDUHVKDSHGOLNHDFLFXODUSDUWLFOHVQHHGOHOLNHSDUWLFOHV
HJPDWFKVWLFNV.OHLQ,OHOHMLFDXVLQJWKHPWRQHVWHQWDQJOHDQGUHVLVWIORZ
LQVLGH YHVVHO ZKLFK LV WKH FRPPRQ WUDLW DPRQJ ELRPDVV DQG ZDVWH PDWHULDOV  7KH
PDWFKVWLFNV ZHUH XVHG WR GHYHORS H[SHULPHQWDO LQYHVWLJDWLRQ LQWR WKH EHKDYLRXUDO
WUDLWV RI RWKHU H[WUHPH VKDSH PDWHULDOV  2WKHU LQGXVWULDO JUDGH PDWHULDOV ZHUH
HPSOR\HGQDPHO\KDPPHUPLOOHGZRRGFKRSSHGPLVFDQWKXVVKUHGGHGSDSHUODZQ
JUDVVZRRGVKDYLQJVVWUDZDQGRDWIODNHV

&KDUDFWHULVDWLRQRIWKHSDUWLFOHVL]HDQGVKDSH

7KH WUDGLWLRQDO WHFKQLTXHV IRU FKDUDFWHULVLQJ WKH SDUWLFOH VL]H RI EXON VROLG DUH
SULPDULO\VLHYLQJDQGODVHUGLIIUDFWLRQ%RWKWKHVHWHFKQLTXHVDVVXPHWKDWWKHSDUWLFOH
GLPHQVLRQVDUHDSSUR[LPDWHO\HTXDOLQDOOGLUHFWLRQVHTXDQWWRGHVFULEHWKHSDUWLFOH
VL]H  7KLV KRZHYHU SUHVHQWV D VLJQLILFDQW SUREOHP ZKHQ WU\LQJ WR FKDUDFWHULVH
H[WUHPHVKDSHPDWHULDOVLHIODNHVRUSODW\SDUWLFOHZLOORQO\SDVVWKURXJKDPHVKWKDW
 
LV VOLJKWO\ ODUJHU WKDQ WKH ORQJHVW DQG LQWHUPHGLDWH GLPHQVLRQV RI WKH SDUWLFOH EXW
JLYLQJ QR LQIRUPDWLRQ DERXW WKH VKRUWHVW GLPHQVLRQ  &RQYHUVHO\ D ³ILEURXV´ RU
HORQJDWH SDUWLFOH FRXOG SDVV WKURXJK D PHVK MXVW ODUJHU WKDQ WKH LQWHUPHGLDWH DQG
VKRUWHVWGLPHQVLRQJLYLQJQRLQIRUPDWLRQDERXWWKHORQJHVWGLPHQVLRQ+RZHYHULQ
SUDFWLFHLWZLOOQRWVLHYHDQGZLOOEULGJHRQWKHVFUHHQ

7KHUHIRUHWKHRQO\UHDOLVWLFRSWLRQIRUGHWHUPLQLQJWKHVL]HDQGVKDSHLVWRXVHGLJLWDO
LPDJLQJDQDO\VLVDVLVSUHVHQWHGLQWKHIROORZLQJVHFWLRQV6WLOOWKHUHDUHVLJQLILFDQW
OLPLWDWLRQVZLWK WKLVDSSURDFK )LUVWO\ LW LVRQO\SRVVLEOH WRYLHZDVPDOOVDPSOHRI
SDUWLFOHVVRWKLVPD\QRWUHSUHVHQWDFFXUDWHO\WKHIXOOGLVWULEXWLRQRIVL]HVDQGVKDSHV
RIWKHPDWHULDO6HFRQGO\WKHLPDJHLV'VRWKHWKLUGGLPHQVLRQLVXQNQRZQ)LQDOO\
ZKLOHDQDXWRPDWHGV\VWHPIRUVFDQQLQJDQGUHFRUGLQJWKHGLPHQVLRQVRIWKHSDUWLFOHV
FRXOGEHGHYLVHGQRVXFKPDFKLQH LV FRPPHUFLDOO\ DYDLODEOH WRGHDOZLWK WKH ODUJH
SDUWLFOH VL]HV SUHYDOHQW LQ ELRPDVV WKH\ DUH PDGH IRU VPDOOHU SDUWLFOHV VR HDFK
SDUWLFOH PXVW EH PHDVXUHG LQGLYLGXDOO\ IURP D VFDQ ZKLFK LV H[WUHPHO\ WLPH
FRQVXPLQJ VHYHUHO\ OLPLWLQJ WKH TXDQWLW\ RI SDUWLFOH PHDVXUHPHQWV WKDW FDQ
UHDOLVWLFDOO\EHREWDLQHG

3UHVHQWHGEHORZDUHWKHDYHUDJHGLPHQVLRQVWDNHQIURPDVDPSOHRISDUWLFOHVRII
WKH VFDQV  7KHVH DUH WKH OHQJWKV DQG WKH ZLGWKV RQO\  7KH UG GLPHQVLRQ LH WKH
VKRUWHVW GLPHQVLRQ RI SODW\ PDWHULDOV ³IODNHV´ DQG WKH VKRUWHVW DQG LQWHUPHGLDWH
GLPHQVLRQVRIHORQJDWHPDWHULDOV³ILEUHV´ZHUHPHDVXUHGXVLQJDGLJLWDOPLFURPHWHU
$VKDSHIDFWRUZDVGHWHUPLQHGIRUHDFKPDWHULDOE\GLYLGLQJWKHORQJHVWGLPHQVLRQE\
WKH LQWHUPHGLDWHGLPHQVLRQ7KLV LV WKHVWDQGDUGIRUPHDVXULQJDVSHFW UDWLRRUVKDSH
IDFWRURIDQ\PDWHULDOV

5HJDUGLQJWKHEXONGHQVLWLHVRIWKHPDWHULDOVWKHVHZHUHGHWHUPLQHGIURPWKHZHLJKW
RI PDWHULDO ILOOHG LQWR WKH NQRZQ YROXPH RI WKH WHVW FHOO RI PP GLDPHWHU DQG
PP GHSWK XQGHU .3D DSSOLHG VWUHVV QRUPDO VWUHVV  7KXV WKHVH DUH WKH
HTXLYDOHQWWRWKHFRQVROLGDWHGEXONGHQVLWLHVRIWKHPDWHULDOV
 
7DEOH&RPSDULVRQRIWKHSDUWLFOHSURSHUWLHVDQGEXONGHQVLWLHVRIWKHGLIIHUHQW
H[WUHPHVKDSHPDWHULDOVWHVWHG
0DWHULDO 0HDQ3DUWLFOHGLPHQVLRQV %XON
GHQVLW\
>NJP@
0RLVWXUH
FRQWHQW
>@
)ORZDELOLW\IUHH
IORZLQJ
<HV1R
/RQJ
>PP@
,QWHUPHGLDWH
>PP@
6KRUW
>PP@
$VSHFW
UDWLR
+DPPHUPLOOHG
ZRRG
      <
0LVFDQWKXV       <
3DSHU       <
*UDVV$       <
*UDVV%       <
:RRGVKDYLQJV       <
0DWFKVWLFNV       <
2DWIODNHV       <
6WUDZ       <
5HHG &DQDU\
*UDVV
      <

1RWH7KHVWDQGDUGGHYLDWLRQIRUWKHSDUWLFOHGLPHQVLRQVDUHJLYHQLQ$SSHQGL[&
 


D

E

F

G
)LJXUH  0LFURJUDSK RI SDUWLFOH VL]H DQG VKDSHV D +DPPHU PLOOHG ZRRG E
0LVFDQWKXVFVKUHGGHGSDSHU	G/DZQJUDVV$

 

D

E
 
c) 

G

)LJXUH0LFURJUDSKRISDUWLFOHVL]HDQGVKDSHVD/DZQ*UDVV%EZRRGVKDYLQJ
FPDWFKVWLFNV	G6WUDZ


 

H I
)LJXUH  0LFURJUDSK RI SDUWLFOH VL]H DQG VKDSHV IRU H 2DW IODNHV DQG I 5HHG
FDQDU\*UDVV

'HVFULSWLRQRI3DUWLFOH'LPHQVLRQV'LVWULEXWLRQ
7KHSDUWLFOHVL]HGLVWULEXWLRQDQDO\VLVZDVGRQHRQWKHDERYHVKRZQPDWHULDOVH[FHSW
VKUHGGHGSDSHUDQGPDWFKVWLFNV6KUHGGHGSDSHUDQGPDWFKVWLFNVDSSUR[LPDWHO\KDYH
WKH VDPH OHQJWKV LQ WKH  GLPHQVLRQV LH WKH ORQJ OHQJWK LV FRQVWDQW LQWHUPHGLDWH
OHQJWKLVFRQVWDQWDQGVKRUWOHQJWKLVFRQVWDQW7KHLQWHUPHGLDWHOHQJWKUHSUHVHQWVWKH
ZLGWKRIWKHPDWHULDOZKLOHVKRUWOHQJWKUHSUHVHQWVWKHWKLFNQHVVRIWKHPDWHULDO

+DPPHU0LOOHG:RRG0LVFDQWKXV
%RWKKDPPHUPLOOHGZRRGDQGPLVFDQWKXVKDVWKHVDPHFKDUDFWHULVWLFV)RUWKHORQJ
OHQJWKGLVWULEXWLRQPRVWRIWKHSDUWLFOHVDUHLQWKHUDQJHRIPPWRPP9HU\IHZ
SDUWLFOHVDUHLQWKHUDQJHPPWRPP7KLVLVUHIOHFWHGLQWKHILJXUHEHORZ7KH
LQWHUPHGLDWHOHQJWKGLVWULEXWLRQVKRZQLQILJXUHEHORZVKRZVWKDWPDMRULW\RIWKH
SDUWLFOHV IDOO LQWRPPZLGWK2WKHUSDUWLFOHVDUH LQEHWZHHQ WR)RU WKHVKRUW
OHQJWK GLVWULEXWLRQ ZKLFK UHSUHVHQWV WKH WKLFNQHVV RI WKH SDUWLFOHV PDMRULW\ RI WKH
SDUWLFOHVDUHPPWKLFN9HU\IHZSDUWLFOHVDUHLQEHWZHHQPPWRPP7KLVLV
UHIOHFWHGLQILJXUHEHORZ
 

)LJXUH  3DUWLFOH VL]H GLVWULEXWLRQ RI ORQJ OHQJWK IRU KDPPHU PLOOHG
ZRRGPLVFDQWKXV

)LJXUH  3DUWLFOH VL]H GLVWULEXWLRQ RI LQWHUPHGLDWH OHQJWK IRU KDPPHU PLOOHG
ZRRGPLVFDQWKXV
 

)LJXUH  3DUWLFOH VL]H GLVWULEXWLRQ RI VKRUW OHQJWK IRU KDPPHU PLOOHG
ZRRGPLVFDQWKXV



:RRG6KDYLQJV

7KHGLVWULEXWLRQVRISDUWLFOHVGLPHQVLRQVORQJLQWHUPHGLDWHVKRUWOHQJWKVDUHZLGH
7KLV LVUHIOHFWHGLQ WKHILJXUHDQGEHORZ)RUWKHORQJOHQJWKGLVWULEXWLRQ
WKHSDUWLFOHVDUHZLGHO\GLVWULEXWHGEHWZHHQPPWRPP3DUWLFOHVRIOHQJWKPP
WR PP DUH WKH PDMRULW\ IROORZ E\ PP WR  DQG PP WR PP )RU WKH
LQWHUPHGLDWHOHQJWKGLVWULEXWLRQPDMRULW\RIWKHSDUWLFOHVIDOOLQWRFDWHJRU\RIPPWR
PP)RUWKHVKRUWOHQJWKGLVWULEXWLRQPDMRULW\RIWKHSDUWLFOHVDUHLQWKHFDWHJRU\RI
PPWRPP
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRUZRRGVKDYLQJV

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRILQWHUPHGLDWHOHQJWKIRUZRRGVKDYLQJV
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIVKRUWOHQJWKIRUZRRGVKDYLQJV

2DWIODNHV
)RU WKH ORQJ OHQJWK GLVWULEXWLRQ ZKLFK LV VKRZQ LQ ILJXUH  EHORZ RXW RI WKH VL[
FDWHJRULHVRI WKHSDUWLFOHV SDUWLFOHVZKLFKKDYH OHQJWKEHWZHHQPP WRPPDUH
WKH PDMRULW\ IROORZ E\ SDUWLFOHV EHWZHHQ PP WR PP )RU WKH LQWHUPHGLDWH
OHQJWKGLVWULEXWLRQPDMRULW\RI WKHSDUWLFOHV IDOO LQWR FDWHJRU\RIPP WRPPDV
VKRZQLQILJXUHEHORZ)RUWKHVKRUWOHQJWKGLVWULEXWLRQVKRZQLQILJXUHEHORZ
PDMRULW\RIWKHSDUWLFOHVDUHLQWKHFDWHJRU\RIPPWRPP2WKHUFDWHJRULHVDUH
PPWRPPDQGPPWRPP

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRURDWIODNHV
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRILQWHUPHGLDWHOHQJWKIRURDWIODNHV

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIVKRUWOHQJWKIRURDWIODNHV

6WUDZ
7KH ORQJ OHQJWK GLVWULEXWLRQ LV ZLGHU FRPSDUH WR RWKHU  OHQJWKV LQWHUPHGLDWH DQG
VKRUW7KLVLVUHIOHFWHGLQILJXUHDQGEHORZ)RUWKHORQJOHQJWKGLVWULEXWLRQ
PDMRULW\RIWKHSDUWLFOHVDUHLQWKHFDWHJRU\RIPPWRPPIROORZE\PPWR
PP)RU WKH LQWHUPHGLDWH OHQJWKGLVWULEXWLRQPDMRULW\RI WKHSDUWLFOHVDUH LQ WKH
FDWHJRU\RIPPWRPPIROORZE\PPWRPP)RUWKHVKRUWOHQJWKGLVWULEXWLRQ
PDMRULW\RIWKHSDUWLFOHVDUHLQWKHFDWHJRU\RIPPWRPPIROORZE\PPWR
PP
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRUVWUDZ

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRILQWHUPHGLDWHOHQJWKIRUVWUDZ
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIVKRUWOHQJWKIRUVWUDZ

5HHG&DQDU\*UDVV
7KH OHQJWKV ORQJ LQWHUPHGLDWH DQG VKRUW GLVWULEXWLRQ RI UHHG FDQDU\ JUDVV
FRQVLVWHQWO\IDOOLQWRFDWHJRULHVDVVKRZQLQILJXUHDQGEHORZ)RUWKHORQJ
OHQJWKGLVWULEXWLRQPDMRULW\RIWKHSDUWLFOHVIDOOLQWRWKHFDWHJRU\RIPPWRPP
7KHQH[WFDWHJRU\LVPPWRPPIROORZE\PPWRPP)RUWKHLQWHUPHGLDWH
OHQJWK GLVWULEXWLRQ PDMRULW\ RI WKH SDUWLFOHV DUH LQ WKH FDWHJRU\ RI PP WR PP
2WKHU FDWHJRULHV DUH PP WR PP DQG PP WR PP )RU WKH VKRUW OHQJWK
GLVWULEXWLRQPDMRULW\RI WKHSDUWLFOHVDUH LQ WKHFDWHJRU\RIPPWRPP2WKHU
FDWHJRULHVLQWKHGLVWULEXWLRQDUHPPWRPPDQGPPWRPP

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRUUHHGFDQDU\JUDVV
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRILQWHUPHGLDWHOHQJWKIRUUHHGFDQDU\JUDVV

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIVKRUWOHQJWKIRUUHHGFDQDU\JUDVV

*UDVV$

7KHLQWHUPHGLDWHOHQJWKIRUWKHJUDVV$LVFRQVWDQW$OVRWKHVKRUWOHQJWKLVFRQVWDQW
7KH\ GR QRW FKDQJH 7KH ORQJ OHQJWK LV GLVWULEXWHG RYHU  FDWHJRULHV 7KH KLJKHVW
FDWHJRU\LVSDUWLFOHVEHWZHHQPPWRPP2WKHUFDWHJRULHVDUHYHU\VPDOODQG
WKH\ DUH PP WR PP DQG PP WR PP 7KLV LV UHIOHFWHG LQ ILJXUH 
EHORZ
 

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRU*UDVV$

*UDVV%

7KHLQWHUPHGLDWHOHQJWKIRUWKHJUDVV%LVFRQVWDQW$OVRWKHVKRUWOHQJWKLVFRQVWDQW
7KH\ GR QRW FKDQJH 7KH ORQJ OHQJWK LV GLVWULEXWHG RYHU  FDWHJRULHV 7KH KLJKHVW
FDWHJRU\LVSDUWLFOHVEHWZHHQPPWRPP2WKHUFDWHJRULHVDUHYHU\VPDOODQG
WKH\ DUH PP WR PP PP WR PP DQG PP WR PP 7KLV LV
UHIOHFWHGLQILJXUHEHORZ

)LJXUH3DUWLFOHVL]HGLVWULEXWLRQRIORQJOHQJWKIRU*UDVV%


 
5HODWLRQVKLSEHWZHHQWKHSDUWLFOHVL]HDQGWHVWFHOOVLORJHRPHWU\
:KHQXQGHUWDNLQJIORZSURSHUW\PHDVXUHPHQWVRIEXONVROLGVLWLVQHFHVVDU\WRHQVXUH
WKDW WKHSDUWLFOHGLPHQVLRQVDUHVPDOOUHODWLYHWR WKRVHRI WKH WHVWFHOO VLOR WRHQVXUH
WKDWZHDUHPHDVXULQJEXONSURSHUWLHVUDWKHUWKDQWKHVWUHQJWKRILQGLYLGXDOSDUWLFOHV
ZKLFKKDYHLQWHUORFNHGDFURVVWKHJHRPHWU\RIWKHHTXLSPHQW7KHJHQHUDOUXOHLQWKH
OLWHUDWXUH0DULQHOOL-RVHSKLVWKDWLIWKHRXWOHWRIVWRUDJHYHVVHOFRQHVLVOHVV
WKDQWRWLPHVJUHDWHUWKDQWKHPD[LPXPSDUWLFOHVL]HWKHUHLVDSRVVLELOLW\RIWKH
PDWHULDOVMDPPLQJDQGSURGXFLQJDPHFKDQLFDODUFKRYHUWKHRXWOHW6LPLODUUXOHJRHV
IRUZHGJHVKDSHKRSSHULIWKHVORWWHGRXWOHWVL]HLVOHVVWKDQWRWLPHVWKH ODUJHVW
SDUWLFOH VL]H WKHUH FDQ EH PHFKDQLFDO DUFK RYHU WKH RXWOHW 7KLV UXOH DSSOLHV WR
DSSUR[LPDWHO\ HTXDQWSDUWLFOHV WUDGLWLRQDOSRZGHU OLNH IORXU VDQG FRDO HWF VR WKH
TXHVWLRQLVIRUSODW\³IODN\´RUHORQJDWH³ILEURXV´PDWHULDOVZKLFKSDUWLFOHGLPHQVLRQ
VKRXOGEHXVHGIRUGHWHUPLQLQJWKHPLQLPXPGLPHQVLRQRIWHVWFHOOVRUVLORWRSUHYHQW
PHFKDQLFDO DUFK"  ,I ZH DVVXPH D PHDQ GLPHQVLRQ VKRXOG EH WDNHQ WKHQ WKH
HTXLYDOHQWGLDPHWHUVRIWKHWHVWPDWHULDOVDQGPLQLPXPGLPHQVLRQVRIHTXLSPHQWDUH
JLYHQLQWDEOHEHORZ 7KHPHDQGLPHQVLRQVDUHFDOFXODWHGEDVHGRQZHGJHVKDSH
KRSSHUDVVXPSWLRQDVDSSOLHGWRQRQH[WUHPHVKDSHPDWHULDOVVWDWHGDERYH7KHPHDQ
SDUWLFOHGLPHQVLRQLVFDOFXODWHGIRUHDFKPDWHULDOE\DGGLQJWKHORQJDQGLQWHUPHGLDWH
OHQJWKVVKRZQLQ7DEOHDQGGLYLGLQJE\0LQLPXPJHRPHWULFOHQJWKLVFDOFXODWHG
E\PXOWLSO\LQJPHDQSDUWLFOHGLPHQVLRQE\7KHUHVXOWVVKRZQEHORZ7DEOHDUH
QRW FRQVLVWHQW ZLWK ZKDW ZDV H[SHULHQFHG LQ WKH H[SHULPHQWDO LQYHVWLJDWLRQV
SDUWLFXODUO\ LQ WKH SODQH IORZ ZHGJH VKDSH IORZ GLVFKDUJH WHVWV 7KLV DSSURDFK
SURYHVIXUWKHU WKRVH WHFKQLTXHVZKLFKDSSO\ WRQRQH[WUHPHVKDSHPDWHULDOVDUHQRW
VXLWDEOHIRUH[WUHPHVKDSHPDWHULDOV









 
7DEOH  &RPSDULVRQ RI DVVXPHG PHDQ SDUWLFOH GLPHQVLRQV DQG WKH PLQLPXP
WHVWFHOOVLORGLPHQVLRQWRSUHYHQWWKHLQIOXHQFHRISDUWLFOHVL]HRQWKHUHVXOWV
0DWHULDO 0HDQ SDUWLFOH GLPHQVLRQ
PP
0LQLPXP JHRPHWULF
OHQJWKPP
+DPPHUPLOOHGZRRG  
0LVFDQWKXV  
2DWIODNHV  
6WUDZ  
:RRGVKDYLQJV  
0DWFKVWLFNV  
*UDVV$  
*UDVV%  
6KUHGGHGSDSHU  


&ROXPQ7HVW
7KH FROXPQ WHVW WHFKQLTXH LV D IRUP RI XQLD[LDO WHVW WHFKQLTXH ZKLFK ZDV GHYLVHG
WKURXJK GLVFXVVLRQ ZLWK P\ VXSHUYLVRUV DV D TXLFN WHVW IRU LGHQWLI\LQJ ZKHWKHU D
PDWHULDO H[KLELWV QHVWLQJ EHKDYLRXU RU QRW SULRU WR XQGHUWDNLQJ IXUWKHU
FKDUDFWHULVDWLRQZRUNIRUHTXLSPHQWHJVLORGHVLJQ,QHVVHQFHWKHFROXPQWHVWXVHV
DOHQJWKRIKROORZWXEHDVVKRZQLQILJXUHDZKLFKLVILOOHGZLWKEXONVROLG7KH
WXEHLVOLIWHGYHUWLFDOO\LQDVPRRWKDQGFRQWUROOHGPDQQHUZKLOVWPRQLWRULQJWKHWXEH
KHLJKW ZKLOH WKH EHKDYLRXU RI WKH EXON VROLG LV REVHUYHG  ,I WKH PDWHULDO LV IUHH
IORZLQJ LWZLOOGLVFKDUJHDQGIRUPDFRQLFDOKHDSDV WKH WXEHLVHOHYDWHGVHHILJXUH
E,IWKHEXONVROLGH[KLELWVQHVWLQJEHKDYLRXULVDFODVVELRPDVVLWZLOOIRUPDQ
XQFRQILQHGYHUWLFDOFROXPQDVWKHWXEHLVHOHYDWHGILJXUHF%HFDXVHWKHUHVXOWVRI
WKHWHVWZLOOEHLQIOXHQFHGE\WKHUHODWLYHGLPHQVLRQVRIWKHWXEHDQGWKHSDUWLFOHVWKLV
FROXPQ WHVW KDV EHHQ HYDOXDWHG IRU D UDQJH RI GLIIHUHQW ELRPDVV PDWHULDOV DQG WXEH
GLPHQVLRQVDVRXWOLQHGEHORZ



 
WKHULJLGVXSSRUWIUDPHRSSRVLWHWRWKHG\QDPLFFHOODSSOLHVDKRUL]RQWDOWHQVLOHIRUFH
WRWKHG\QDPLFFHOOYLDDURSHDQGSXOOH\FRQQHFWHGWRDYHUWLFDOORDG

)LJXUH,OOXVWUDWLRQRI7HQVLOH7HVWHU
7HVW3URFHGXUH
7KH WZR FHOOV PXVW EH FODPSHG LQ FRQWDFW WR DYRLG IDLOXUH GXULQJ WKH ILOOLQJ RI WKH
FHOOV  'HVLUHG PDWHULDOV ZHUH ILOOHG LQVLGH WKH FHOOV XQWLO LW UHDFKHV WKH GHVLUHG EHG
KHLJKW DW OHDVW LW PXVW EH PRUH WKDQ KDOI RI WKH FHOOV GHSWK WR KDYH JRRG
PHDVXUHPHQWV DQG FRYHUHGZLWK WKH OLGV)LOOLQJ FRXOGEHGXPS ILOOLQJ RU UDQGRP
VSUHDGILOOLQJ0DWHULDOVZHUHFRPSDFWHGZLWKHTXDOD[LDOORDGVRQERWKKDOIFHOOV7KH
D[LDOQRUPDOORDGVXVHGZHUHNJRYHUERWKKDOIFHOO7KHWHQVLOHIRUFH
UHTXLUHGWRIDLOWKHELRPDVVVDPSOHZDVPHDVXUHG7KLVZDVDFKLHYHGE\VXVSHQGLQJ
D EXFNHW RYHU WKH SXOOH\ DQG JUDGXDOO\ ILOOLQJ LW ZLWK VDQG XQWLO WKH G\QDPLF FHOO
SXOOHGDZD\ IURP WKH VWDWLFFHOO 7KHDPRXQWRI WHQVLOH ORDG WKDW VHSDUDWHV WKH WZR
FHOOVZDVPHDVXUHGDQGUHFRUGHG7KLVSURFHGXUHZDVUHSHDWHGRQGLIIHUHQWH[WUHPH
VKDSH PDWHULDOV OLNH KDPPHU PLOOHG ZRRG VKUHGGHG SDSHU PLVFDQWKXV VWUDZ RDW
IODNHVODZQJUDVV$	%ZRRGVKDYLQJVPDWFKVWLFNV2QHDFKPDWHULDOWKHWHVWZDV
UHSHDWHGILYHWLPHV

 
&RUH)ORZ7HVW
7KHFRQFHSWRIWKHWHFKQLTXH³FRUHIORZDSSURDFK´HPDQDWHGIURPWKHFRUHIORZWHVW
ZKHUH DFLFXODU SDUWLFOHV PDWFKVWLFNV ZHUH HPSOR\HG IRU WKH SUDFWLFDO PRGHO
VLPXODWLRQ  7KH FRUH IORZ WHVW ULJ ZDV GHYHORSHG WR PHDVXUH WKH FULWLFDO RXWOHW
GLPHQVLRQVIRUIORZRIDUDQJHRIH[WUHPHVKDSHPDWHULDOVQDPHO\
x 'U\KDPPHUPLOOHGZRRG
x &KRSSHG0LVFDQWKXV
x 6KUHGGHGSDSHU
x /DZQJUDVV³&ODVV$´
x /DZQJUDVV³&ODVV%´

'HVFULSWLRQRIWKHFRUHIORZWHVWULJ
7KHFRUHIORZWHVWULJFRQVLVWVRIDIODWERWWRPHGF\OLQGULFDOVLORZLWKDQLQFUHPHQWDOO\
DGMXVWDEOH RXWOHW GLDPHWHU FRQFHQWULF ULQJV PP PP PP PP
PPPPPPDQGPPDVVKRZQLQILJXUH7KHULQJVDUHPDGHRXW
RI FDVW Q\ORQ  7KH\ DUH UHPRYHG VHTXHQWLDOO\ IURP VPDOOHVW WR ODUJHVW LQ RUGHU WR
GHWHUPLQHRXWOHWGLDPHWHUZKHUHWKHPDWHULDOVGLVFKDUJHXQGHUJUDYLW\7KHFRQFHQWULF
ULQJVZHUHSODFHGRQUHWUDFWDEOHGXDOPHWDOEDUVVOLGHEDUV WRVXSSRUWDQGKROGWKH
ULQJVILUPO\DWERWKHQGV7KHULQJVZHUHSRVLWLRQHGLQVLGHDUHFWDQJXODUSO\ZRRGEDVH
ZLWK D FLUFXODU KROH GULOOHG DURXQG WKH SO\ZRRG  7KLV DOORZV VWHS LQFUHDVHV LQ WKH
RXWOHWGLDPHWHUZLWKRXWLPSDUWLQJVKHDUVWUHVVWRWKHHQVLOHGPDWHULDO
7KH SO\ZRRG ZDV SODFHG RQ WKH PHWDO VXSSRUW ZLWK IRXU OHJV %LJ EDJ ZDV SODFHG
EHQHDWK WKH RXWOHW ULQJV IRU WKH FROOHFWLRQ RI WKH PDWHULDO DIWHU GLVFKDUJH $
GHWDFKDEOH EDUUHOF\OLQGHU ZKLFK ZDV XVHG WR VLPXODWH D VLORELQ ZDV SODFHG RQ WKH
ULQJVIRUWKHFRQWDLQPHQWRIWKHSDUWLFOHVPDWHULDOVDVVKRZQLQILJXUH






 
HDV\PDQXDOILOOLQJRIWKHKRSSHU7KHVFKHPDWLFGLDJUDPRIWKHZHGJHVKDSHYHVVHO
LVVKRZQLQILJXUHEHORZ

)LJXUH6FKHPDWLFGLDJUDPRIYDULDEOHJHRPHWU\VLOR&RXUWHV\RI'U5RE%HUU\

x $PELJEDJZDVSODFHGDW WKHERWWRPRXWOHWRI WKHKRSSHUWRFROOHFW WKH
PDWHULDO DIWHU GLVFKDUJH +RRSHU JDWH ZDV FRQVWUXFWHG IURP SO\ZRRG WR
DFWLYDWHDQGGHDFWLYDWHWKHSDUWLFOHV LQVLGHWKHKRSSHU7KHDGMXVWDEOHKRSSHU
LVRSHUDWRUIULHQGO\LHHDV\WRXVHDQGKDQGOH
x (DFK WHVW ZDV FDUULHG RXW ILYH WLPHV WR PHDVXUH DQG YDOLGDWH WKH RXWOHW
GLPHQVLRQZKHUHPDWHULDOVSDUWLFOHVGLVFKDUJHXQGHUJUDYLW\DQGUHOLDEO\




 
HQWDQJOHPHQWRIWKHSDUWLFOHVDQGIULFWLRQXQGHUFRPSDFWLRQRIWKHLQWHUSDUWLFOHIRUFHV
ZKLFK FDXVH ORQJ VSDQ PHFKDQLFDO DUFK LQVLGH WKH ELQ 7KH SLFWXUH RI WKH 3RZGHU
)ORZ7HVWHUDQGDFFHVVRULHVLVVKRZQLQILJXUHEHORZ

 )LJXUH:ROIVRQ%URRNILHOG3RZGHU)ORZ7HVWHUZLWKDFFHVVRULHV&RXUWHV\RI'U
5RE%HUU\


6WDQGDUG)ORZ)XQFWLRQ7HVW

3RZGHU)ORZ7HVWHUZDVXVHGWRPHDVXUHWKHVWDQGDUGIORZIXQFWLRQRIFRQYHQWLRQDO
SRZGHUV DQG H[WUHPH VKDSH PDWHULDOV SDUWLFOHV 6WDQGDUG IORZ IXQFWLRQ WHVW LV WKH
PDMRULPSRUWDQWWHVWIRUPHDVXULQJWKHIORZDELOLW\RIEXONVROLGVEHFDXVHLWTXDQWLILHV
WKHPDWHULDOVWUHQJWKDWDVWUHVVIUHHVXUIDFHIROORZLQJFRQVROLGDWLRQWRDJLYHQVWUHVV
OHYHODQGODWHUFRPSUHVVLYHVWUHQJWKVFRIWKHXQFRQILQHGXQVXSSRUWHGPDWHULDO,W
DOVR SURYLGHV LQIRUPDWLRQ RQ EXON GHQVLW\ HIIHFWLYH DQJOH RI LQWHUQDO IULFWLRQ IORZ
LQGH[IORZLQWHUFHSWFULWLFDODUFKLQJYDOXHVDQGFULWLFDOUDWKROHYDOXHV

3RZGHU)ORZ7HVWHU3URFHGXUH

$IWHUVHWWLQJXSWKH3)7WKHODSWRSUXQQLQJWKHFRQWUROVRIWZDUHZDVFRQQHFWHGWRWKH
3RZGHU )ORZ 7HVWHU YLD 86% FDEOH  7KH ILUVW VWHS LQ FRQGXFWLQJ WKH WHVW ZDV WR
PHDVXUH WKH TXDQWLW\ RI SDUWLFOHV WKDW ZLOO JR LQWR WKH WURXJK  7KLV ZDV GRQH E\
PHDVXULQJ WKH ZHLJKW RI WURXJK EHIRUH ILOOLQJ DQG DIWHU ILOOLQJ ZLWK SDUWLFOHV  7KH
ZHLJKWVZHUHVXEWUDFWHGIURPHDFKRWKHUDQGWKHZHLJKWRIWKHSDUWLFOHVZDVLQSXWLQWR
WKHVRIWZDUH3RZGHU)ORZ3UR6RIWZDUHLQWKHODSWRS7KHWURXJKZDVILOOHGWRWKH
WRS VXUIDFH ZLWK WKH GHVLUHG SDUWLFOHV  7URXJK ILOOLQJ WRROV RXWHU FDWFK WUD\ LQQHU
 
FDWFKWUD\DQGUHYHUVLEOHVFUDSHUWRROZHUHXVHGWROHYHODQGWULPWKHVXUIDFHRIWKH
SDUWLFOHV LQVLGH WKH WURXJK DQG WR PDNH VXUH WKH SDUWLFOHV DUH ZHOO SODFHG LQWR WKH
WURXJK)ORZIXQFWLRQOLGYDQHOLGZDVFRQQHFWHGWRWKHG\QDPLFQHFNRIWKH3RZGHU
)ORZ7HVWHU7KHIORZIXQFWLRQOLGKDVYDQHVZLWKSRFNHWVLQEHWZHHQWKHYDQHVWKDW
SHUIRUP WKH WRUVLRQDO VKHDU RQ WKH SDUWLFOHV GLUHFWO\ 7KH ILOOHG WURXJK ZDV LQVHUWHG
LQVLGHWKH3RZGHU)ORZ7HVWHULQDSRVLWLRQWKDWZDVIDFLQJWKHIORZIXQFWLRQYDQHOLG
GLUHFWO\ 7KHUHDIWHU WKH 3RZGHU )ORZ 7HVWHU ZDV VZLWFKHG RQ IURP WKH ODSWRS E\
FOLFNLQJWKHDSSURSULDWHEXWWRQRQWKHVRIWZDUHWHPSODWH7KHIORZIXQFWLRQYDQHOLG
SURWUXGHVJUDGXDOO\XQWLOLWKDGFRQWDFWZLWKWKHPDWHULDOLQWKHWURXJKDWWKHERWWRPVR
WKDWERWKWRUVLRQDODQGD[LDOORDGVFDQFRPSDFWDQGVKHDUWKHSDUWLFOHV7KHUHDIWHUWKH
WHVW VWDUWV UXQQLQJ DXWRPDWLFDOO\ ILJXUH  7KH WHVW UDQ IRU DERXW  PLQXWHV IRU
HDFK WHVW PDWHULDO )RXU GLIIHUHQW PDWHULDOV ZHUH WHVWHG WHVWV ZHUH OLPLWHG E\
PD[LPXPSDUWLFOHVL]HOLPLWRIWKHPDFKLQHPP


 
 
)LJXUH3RZGHU)ORZ7HVWHUZLWK3RZGHU)ORZ3UR6RIWZDUHZLWK86%FDEOH
GLVSOD\LQJSDUWLFOHVDWSUHVKHDULQJVWDJHDQGRWKHUDFFHVVRULHVVHWXSVRXUFH
ZZZEURRNILHOGHQJLQHHULQJFRP$FFHVVHGRQ
 
&KDSWHU5HVXOWV6XPPDU\DQG'LVFXVVLRQ([SORUDWRU\:RUN

,QWURGXFWLRQ
5HVXOWV VXPPDU\ DQG GLVFXVVLRQ RI FROXPQ WHVW WHQVLOH WHVWHU FRUH IORZ WHVW PDVV
IORZ WHVW DQG VKHDU WHVWHU DUH SURYLGHG LQ WKLV FKDSWHU  )XUWKHU LQIRUPDWLRQ LV
SURYLGHGLQWKHDSSHQGL[
&ROXPQ7HVW
7KHWHVWZDVILUVWHYDOXDWHGXVLQJPDWFKVWLFNV7HVWVZHUHXQGHUWDNHQZLWKWXEHVRI
GLIIHUHQW GLDPHWHU WR HYDOXDWH WKH HIIHFW RI WKH UHODWLRQVKLS EHWZHHQ SDUWLFOH OHQJWK
DQGWXEHGLDPHWHU7KHLVVXHEHLQJWKDWDVWKHSDUWLFOHOHQJWKDSSURDFKHVWKHGLDPHWHU
RI WKH WXEH WKH\ PXVW RULHQWDWH YHUWLFDOO\ WKXV UHGXFLQJ WKH VWUHQJWK RI WKH FROXPQ
IRUPHG 7KHPDWFKVWLFNVZHUH FXW LQWRGLIIHUHQW OHQJWK UDQJLQJ IURPPPPP
PPPPDQGPP 7KH ORQJHU WKHPDWFKVWLFN OHQJWK WKHKLJKHU WKHFROXPQ
IRUPHGVHHILJXUHEHORZ:KHQWKHSDUWLFOHVDUHDWPPWKH\LQWHUORFNPRUH
SURYLGLQJDZLGHUEDVH IRU WKH FROXPQ WR VWDQGRQ 7KLVPHDQV WKDW WKHKLJKHU WKH
SDUWLFOHVFROXPQKHLJKW WKHPRUHGLIILFXOW IRU WKHPDWHULDOV WRGLVFKDUJHIORZLQVLGH
WKHVWRUDJHGXULQJKDQGOLQJ
$OOWKHH[WUHPHVKDSHPDWHULDOVXVHGIRUFRUHIORZDQGPDVVIORZVLORWHVWVZHUHSXW
WKURXJKWKHFROXPQWHVWDQGVKRZHGFRQVLVWHQWEHKDYLRXU7KHPDWHULDOWKDWH[KLELWHG
WKHZRUVWEHKDYLRXUZDVWKHVKUHGGHGSDSHUZKLFKDUFKHGLQWKHWXEHDQGGLGQRWIORZ
RXW7KLVZDVGXHWRWKHSK\VLFDOSURSHUWLHVRIWKHPDWHULDOVYHU\ORZEXONGHQVLW\
HODVWLF WKH VXUIDFH WH[WXUH LV VPRRWK DQG DOVR D PL[WXUH RI GLIIHUHQW VWULS OHQJWKV
7KLVPDWHULDOIRUPHGODUJHPHFKDQLFDODUFKHVLQWKHVLORWHVWV,QWKHPLGGOHZHUHWKH
ILEURXVFKRSSHGPLVFDQWKXVGU\KDPPHUPLOOHGZRRGDQGZHWKDPPHUPLOOHGZRRG
ZKLFK DUH QRW FRKHVLYH VWLFN\ EXW VWLOO WKH\ IRUPHG KLJK FROXPQ KHLJKWV DQG ZHUH
FDSDEOHRIIRUPLQJPHFKDQLFDOUDWKROHVDQGDUFKHVLQ WKHFRUHDQGPDVVIORZWHVWV
7KHPRVWIUHHIORZLQJPDWHULDOZDVWKHRDWIODNHVZKLFKGLGQRWQHVWDQGDVDUHVXOW
QRFROXPQZDV IRUPHG 7KLVPDWHULDOGLVFKDUJHG UHOLDEO\ IURPVPDOORXWOHWV LQ WKH
VLORGLVFKDUJHWHVWV

 
DQG VRPHWLPHV WKH\ GLVFKDUJH UHOLDEO\ GHSHQGLQJ RQ WKH EHG KHDG HVSHFLDOO\ LQ WKH
PDVVIORZWHVWULJ7KHUHVXOWVIRUWKHH[WUHPHVKDSHPDWHULDOVDUHJLYHQLQILJXUH
EHORZ

)LJXUH7HQVLOHWHVWUHVXOWVIRUELRPDVVPDWHULDOV

0HFKDQLVPRI)DLOXUH)ORZ
$VWKHH[WUHPHVKDSHPDWHULDOLVFRPSDFWHGLQVLGHWKHWHQVLOHWHVWHUZKLFKVLPXODWHV
WKH VLWXDWLRQ ZKHUH WKH ELRPDVV ILOOV XS D YHVVHO VHWWOLQJ WDNHV SODFH GXH WR WKH
ELRPDVV VHOIZHLJKW 7KHLU VHOIZHLJKW LV YHU\ ORZ WKDW LV ZK\ JUDYLW\ H[HUWV VPDOO
IRUFHRQWKHPWRIORZ
:KHQWKHILEURXVH[WUHPHVKDSHSDUWLFOHVDUHFRPSDFWHGWKHLUOHQJWKDQGQXPEHURI
FRQWDFWVSUHYHQWVWKHPURWDWLQJLQGHSHQGHQWO\KRZHYHUEHFDXVHWKH\DUHYHU\HODVWLF
WKH\ FDQ UHPDLQ HQWDQJOHG EXW IROG DQG RULHQWDWH KRUL]RQWDOO\ DJDLQVW RQHDQRWKHU 
LQFUHDVLQJ WKHQXPEHURIFRQWDFWVDQG WKHFRQWDFWDUHDV 7KXVZKHQ WKHPDWHULDO LV
VXEMHFWHG WR D WHQVLOH ORDG IRU IDLOXUH WR RFFXU HLWKHU WKH IULFWLRQ DW WKHVH PXOWLSOH
FRQWDFWVRUWHQVLOHVWUHQJWKRIWKHPXOWLSOHILEUHVPXVWEHRYHUFRPH
'XULQJ FRPSDFWLRQ WKH EXON GHQVLW\ LQFUHDVHV DV D IXQFWLRQ RI LQFUHDVLQJ
QRUPDOFRQVROLGDWLRQ VWUHVV ,QFUHDVH LQ QRUPDO VWUHVV GHWHUPLQHV KRZ WKH PDWHULDO
ZLOOHQWDQJOHNQLWWRHDFKRWKHU7HQVLOHVWUHVVLVDSSOLHGWRWKHPRYDEOHFHOOLQRUGHU

 
&RUH)ORZ7HVW

7KH FRUH IORZ WHVW ZDV GHYHORSHG WR IXUWKHU SURYH WKH FRQFHSW RI FROXPQ WHVW DQG
WHQVLOH WHVWHU  7KH LQYHVWLJDWLRQ ZDV GRQH DW WKUHH GLIIHUHQW EHG KHLJKWV PP
PPDQGPP$VWKHRXWOHWGLPHQVLRQZDVLQFUHPHQWDOO\LQFUHDVHGWKHDUFK
FROODSVHEURNHWKURXJKWRWKHWRSVXUIDFHRIWKHPDWHULDOWRIRUPDUDWKROH $VWKH
RXWOHWGLPHQVLRQZDVLQFUHDVHGIXUWKHUUDWKROLQJSHUVLVWHGXQWLOWKHRXWOHWGLPHQVLRQ
DSSURDFKHG WKH GLDPHWHU RI WKH ELQ HJ PP RXWOHW GLPHQVLRQ LQ D PP
GLDPHWHUELQ 7KLVHIIHFW LV LOOXVWUDWHG LQ ILJD	EDQG ILJD	E IRUKDPPHU
PLOOHG ZRRG DQG FKRSSHG PLVFDQWKXV UHVSHFWLYHO\ ZKHUH WKH PHDVXUHG UDWKROH
GLPHQVLRQ KDV EHHQ SORWWHG DV D IXQFWLRQ RI WKH DFWXDO ELQ RXWOHW GLDPHWHU  ,Q WKH
ILJXUHV HDFK GDWD SRLQW UHSUHVHQWV DQ DYHUDJH RI ILYH UHSHDW WHVWV   1RWH WKDW WKH
FKRSSHGPLVFDQWKXVIRUPHGODUJHUDUFKHVWKDQWKHKDPPHUPLOOHGZRRG
7KHLPSOLFDWLRQRIWKLVLVWKDWWKHH[WUHPHVKDSHPDWHULDOVDOZD\VDUFKLQDFRUHIORZ
ELQ7KHQZKHQ WKHRXWOHW LV ODUJHHQRXJK WRSUHYHQWDUFKLQJ WKH\ UDWKROHDQG WKH
UDWKROHSHUVLVWVXQWLOWKHRXWOHWLVYLUWXDOO\WKHIXOOGLDPHWHURIWKHELQ7KLVRFFXUVIRU
HYHU\ H[WUHPH VKDSH PDWHULDO QR PDWWHU ZKDW GHSWK RI PDWHULDO LQ WKH ELQ &OHDUO\
WKHUHDUHSUDFWLFDOOLPLWVRIJRLQJVLJQLILFDQWO\ODUJHUWKDQWKHPWHVWHGGXHWRWKH
YROXPHVRIPDWHULDOUHTXLUHGDQGWKHSRWHQWLDOVWUXFWXUDOORDGVRQWKHVLOR











 

D KDPPHU PLOOHG ZRRG DUFK RYHU D
PPVSDQ

E 6KUHGGHG SDSHU DUFK RYHU D PP
VSDQ


F 5DWKROH IRUPHG IRU KDPPHU PLOOHG
ZRRG

G$V\PPHWULFGLVFKDUJHRIPLVFDQWKXV

)LJXUH2EVWUXFWLRQVIRUPLQWKHPDVVIORZVLORDKDPPHUPLOOHGZRRGDUFKRYHU
DPPVSDQE6KUHGGHGSDSHUDUFKRYHUDPPVSDQF5DWKROHIRUPHGIRU
ZRRGFKLSVG$V\PPHWULFGLVFKDUJHRIPLVFDQWKXV

6KHDU7HVWHU
6WDQGDUGVKHDUWHVWHUZDVHPSOR\HGWRFRQGXFWWKHFRPSDUDWLYHWHVWEHWZHHQRUGLQDU\
SRZGHUV DQG H[WUHPH VKDSH PDWHULDOV %RWK FKRSSHG PLVFDQWKXV DQG
ZRRGFKLSVKDPPHU PLOOHG ZRRG ZHUH WHVWHG RQ VWDQGDUG VKHDU WHVWHU DV SRWHQWLDO
FDQGLGDWHVIRUH[WUHPHVKDSHPDWHULDOV
 

7KHVHWZRPDWHULDOVZHUHVHOHFWHGVSHFLILFDOO\EHFDXVHWKHLUUHODWLYHO\VPDOOSDUWLFOH
GLPHQVLRQV VHH FKDSWHU  WDEOHZKLFKDOORZ WKHP WR ILW LQ WKH VWDQGDUGPP
GLDPHWHUDSSUR[PPSDUWLFOHWRSVL]HVKHDUFHOO*UDQXODWHGVXJDUPLFURQVG
ZDVXVHGDVH[DPSOHRIDIUHHIORZLQJPDWHULDODQGVRGLXPFDUERQDWHPLFURQG
ZDVXVHGDVDQH[DPSOHRIDQHDV\IORZLQJPDWHULDO

7KH IORZ SURSHUWLHV RI WKH IRXU PDWHULDOV WKDW ZHUH PHDVXUHG ZLWK WKH %URRNILHOG
3RZGHU)ORZ7HVWHUDUHSUHVHQWHGEHORZLQILJDE	FDVDIORZIXQFWLRQLQWHUQDO
IULFWLRQ IXQFWLRQ DQG EXON GHQVLW\ IXQFWLRQ UHVSHFWLYHO\  ,QVSHFWLRQ RI WKH EXON
GHQVLW\IXQFWLRQVILJXUHFVKRZVWKDWWKHH[WUHPHVKDSHPDWHULDOVKDYHVLJQLILFDQWO\
ORZHUEXONGHQVLWLHVWKDQWKHJUDQXODUVROLGV,QVSHFWLRQRIWKHIORZIXQFWLRQVILJXUH
DVKRZVWKDWZKLOHWKHJUDQXODWHGVXJDULVIUHHIORZLQJDQGVRGLXPFDUERQDWHHDV\
IORZLQJ DV H[SHFWHG WKH H[WUHPH VKDSH PDWHULDOV DUH LQ WKH FRKHVLYHYHU\ FRKHVLYH
UHJLRQ RI WKH IORZ IXQFWLRQ  7KLV VHHPV LQFRPSDWLEOH ZLWK WKHLU SK\VLFDO KDQGOLQJ
SURSHUWLHV LQ WKDW WKH\GRQRW UHWDLQFRKHVLYHVWUHQJWKHJ LI \RXFRPSUHVV WKHP LQ
\RXU KDQG DQG UHOHDVH WKH VWUHVV WKH\ H[SDQG DQG ORVH WKHLU VWUHQJWK  $OVR LW ZDV
QRWHGGXULQJWKHVKHDUWHVWWKDWWKHOLGRQ3RZGHU)ORZ7HVWHUZDVWLOWLQJEHFDXVHWKH
ILEUHVZHUHEHLQJUHGLVWULEXWHGDURXQGWKHWURXJKEDOOLQJXSUDWKHUWKDQVKHDULQJDV
H[SHFWHG 7KXV WKHDVVXPSWLRQ WKDW WKH IRUFHV DUHXQLIRUPO\GLVWULEXWHGDURXQG WKH
WURXJK LV LQYDOLGDWHGDQG WKHDFWXDOPHFKDQLVPRI IDLOXUH LQ WKHFHOOGRHVQRWPDWFK
WKDWZKLFKLVDVVXPHGLQWKHIORZWKHRU\DQGWKHGDWDLQWHUSUHWDWLRQDOJRULWKP

1RWH WKDW LQ RUGHU WR WHVW VDPSOHV RI WKH RWKHU H[WUHPH VKDSH PDWHULDOV ZLWK WKHLU
ODUJHU SDUWLFOH VL]HV VHH FKDSWHU  WDEOH  WKH :ROIVRQ /DUJH $QQXODU 6KHDU &HOO
ZLWKLWVPPWRSVL]HZRXOGKDYHEHHQUHTXLUHG+RZHYHUGXHWRPDQXDOQDWXUHRI
WKHWHVWLWZRXOGKDYHEHHQH[WUHPHO\WLPHFRQVXPLQJDQGQRWFRQVLGHUHGZRUWKZKLOH
GXHWRWKHVXVSHFWQDWXUHRIWKHUHVXOWVJHQHUDWHGLQWKHVPDOOFHOO

$GGLWLRQDOO\ LQ RUGHU WR LQFUHDVH WKH EXON GHQVLW\ RI WKH H[WUHPH VKDSH PDWHULDOV
FRPPXQLWLRQ LH LQWHQGHG VL]H UHGXFWLRQ FDQ EH HPSOR\HG WR GHQVLI\ WKH EXON
PDWHULDOV $GHTXDWH FDUH QHHGV WR EH WDNHQ ZKHQ VHOHFWLQJ FRPPXQLWLRQ EHFDXVH LW
PLJKW XSVHW WKH VWUHVV ZLWKLQ SDUWLFOHV ZKLFK LV QRW JRRG IRU WKH H[WUHPH VKDSH


 
&KDSWHU5HVXOWVDQG'LVFXVVLRQRI$UFKLQJ([SHULPHQWVLQDPRGLILHGPDVV
IORZVLOR

,QWURGXFWLRQ
7KLVFKDSWHURXWOLQHV WKHGHVLJQRIPRGLILHGPDVVIORZVLORZLWKD ODUJHUPD[LPXP
VORWZLGWKPP7KHVLORZDVFRQVWUXFWHGLQRUGHUWRH[SHULPHQWDOO\PHDVXUHWKH
DUFKLQJGLPHQVLRQVRI WKHH[WUHPHVKDSHELRPDVVPDWHULDOV $QHZSODQDUZHGJH
VKDSHVLORZDVGHVLJQHGDQGFRQVWUXFWHGDVSUHYLRXVO\VWDWHG7KHQHZVLORLVIOH[LEOH
HQRXJK WR DOORZ FKDQJH RI LWV ZDOO DQJOH DQG RXWOHW VORW ZLGWK  7KH SUHYLRXV VLOR
ZKLFK ZDV GHOLYHUHG IURP D 3K' SURMHFW KDG EHHQ XVHG WR VWXG\ GLVFKDUJH
FKDUDFWHULVWLFV RI ZRRGFKLSVKDPPHU PLOOHG ZRRG FKRSSHG PLVFDQWKXV VKUHGGHG
SDSHU ODZQJUDVV$DQG% 7KHSLWIDOOVZLWKWKHSUHYLRXVVLORZHUHWKDW LWZDVQRW
IOH[LEOHHQRXJKWRDFKLHYHUHOLDEOHIORZXQGHUJUDYLW\7KHPD[LPXPRXWOHWVORWZDV
PP ZLGWK DQG WKH PD[LPXP ZDOO DQJOH ZDV   7KH GHVLJQ ZDV XQDEOH WR
DFFRPPRGDWH DQ\ HQJLQHHULQJ PRGLILFDWLRQV DV D UHVXOW RI WKLV D QHZ VLOR ZDV
GHVLJQHGDQGFRQVWUXFWHG

)HDWXUHVRIWKHQRYHOVLOR
7KHQRYHOVLORZDVFRQVWUXFWHGXVLQJVWDLQOHVVVWHHO%PDWHULDO 7KHVWDLQOHVVVWHHO
PDWHULDO ZDV FKRVHQ EHFDXVH LW LV QRW SURQH WR FRUURVLRQ DQG DOVR LW KDV D VPRRWK
VXUIDFHHVSHFLDOO\WKHLQWHUQDOVXUIDFHZKLFKLVPRVWWKHLPSRUWDQWSDUWWRHQDEOHWKH
PDWHULDOVWRIORZUHOLDEO\ZLWKRXWVWLFNLQJWRWKHZDOORIWKHVLORDQGWRDYRLGFKDQJH
LQ ZDOO IULFWLRQ  7KH PD[LPXP VORW GLPHQVLRQ LV PP ZLGWK E\ PP OHQJWK
7KHPD[LPXPKRSSHUKDOIDQJOHLVÛWRWKHYHUWLFDODQGWKHPLQLPXPLVÛWRWKH
YHUWLFDO7KHPD[LPXPKHLJKWRIWKHVLORLVPP7KHJHRPHWU\FKDQJHVRIWKH
YHVVHOLVDFKLHYHGE\PRYLQJG\QDPLFZDOORIWKHYHVVHOEDFNDQGIRUWKDWWKHVDPH
WLPHDGMXVWLQJWKHIODSVDWWKHKRSSHUUHJLRQRIWKHYHVVHOWRFKDQJHWKHZDOODQJOHDQG
WKHRXWOHWVORWGLPHQVLRQWRWKHUHTXLUHGOHYHOVHHILJXUHDQG




 

)LJXUH1HZ:HGJHVKDSHVLORVKRZLQJIURQWDQGVLGHYLHZV

)LJXUH1HZ$GMXVWDEOH:HGJHVKDSHG+RSSHU,QWHUQDO6XUIDFH
 

)LJXUH  1HZ $GMXVWDEOH :HGJHVKDSHG +RSSHU 3LFWXUH :KROH 9HVVHO
&RXUWHV\RI2VFDU$QJXOR±5HVHDUFK6WXGHQWDW7KH:ROIVRQ&HQWUH












 
6LOR'LVFKDUJH%HKDYLRXURI%LRPDVV0DWHULDOV
)LYH PDWHULDOV UHHG FDQDU\ JUDVV FKRSSHG PLVFDQWKXV VWUDZ RDW IODNHV DQG ZRRG
VKDYLQJV ZHUH WHVWHG DW WKLV SKDVH RI WKH UHVHDUFK SURMHFW  7KH VLOR GLVFKDUJH
FKDUDFWHULVWLFVWHVWLVDSURSHUSURFHVVWHVWLQWKHVHQVHWKDWLWSURYHGERWKFROXPQWHVW
DQG WHQVLOH WHVWHU FRQFHSW IXUWKHU HVSHFLDOO\ WKH WHQVLOH WHVWHU ZKLFK LV FDSDEOH RI
GLVFULPLQDWLQJ GLIIHUHQW ELRPDVV PDWHULDOV  7KH WHVW ZDV FRQGXFWHG DW KRSSHU KDOI
DQJOHVRIDQGÛ WRWKHYHUWLFDOD[LVWRGHWHUPLQHLIWKLVLVVLJQLILFDQWIDFWRULQ
IORZ EHKDYLRXU  7KHQ LQ WKH IROORZLQJ VHFWLRQV WKH UHVXOWV RI WKH DUFKLQJ WHVWV DUH
SUHVHQWHGRQD[HVRIRXWOHW VL]HDVD IXQFWLRQRI VLOR ILOO EHGKHLJKW  ,Q WKHJUDSK
WKUHH UHJLRQV DUH ORFDWHG WKH QR IORZ UHJLRQ ZKHUH DUFKLQJ SUHYDLOV D IORZ UHJLRQ
ZKHUHQRDUFKLQJRFFXUVDQGWKHVLORGLVFKDUJHVFRPSOHWHO\,QEHWZHHQLVDUHJLRQRI
XQFHUWDLQW\ ZKHUH XQUHOLDEOH RU SDUWLDO IORZ PD\ RFFXU  ,Q DOO FDVHV DUFKLQJ
FRQGLWLRQV UHIHU WR LQVWDQWDQHRXV FRQGLWLRQV HJ WKH HIIHFWV RI H[WHQGHG SHULRGV RI
VWDWLFVWRUDJHKDYHQRWEHHQFRQVLGHUHG7KHUHVXOWVREWDLQHGIRUELRPDVVPDWHULDOV
ZHUHGLVFXVVHGLQWKHVHFWLRQ
DQGEHORZ


















 
&KRSSHG0LVFDQWKXV%HKDYLRXUDWÛZDOODQJOH

$WWKHÛKRSSHUKDOIDQJOHERWKIORZDQGQRIORZUHJLRQVZHUHPHDVXUHG6L[EHG
KHDGVZHUH ORRNHGDW UDQJLQJ IURPDQGPP 7KH
PDWHULDOVEHKDYHWRWDOO\GLIIHUHQWDWGLIIHUHQWEHGKHDGV7KHUHVHDUFKRXWFRPHVKRZV
WKDWWKHRXWOHWUHTXLUHGIRUDQ\ELRPDVVWRIORZFROODSVHXQGHUJUDYLW\LVDIXQFWLRQ
RI WKH PDWHULDOV EHG KHDG ,Q WKH IORZ UHJLRQ WKH PDWHULDO IORZV UHOLDEO\ XQGHU
JUDYLW\7KHORZHUOLPLWRIWKHIORZUHJLRQVDUHDQGPPVORWRXWOHWV$W
PP RXWOHW WKH PDWHULDO RQO\ IORZHG DW    PP EHG KHDGV  $W
PPRXWOHW WKHPDWHULDORQO\IORZHGDWDQGPPEHGKHDGV
$WPPRXWOHWWKHPDWHULDOIORZHGDWDOOEHGKHDGV

$WQRIORZUHJLRQWKHPDWHULDOZDVGHDGLQVLGHWKHVWRUDJHDQGIRUPHGDQDUFKRYHU
WKHHQWLUHFURVVVHFWLRQRIWKHRXWOHW7KHQRIORZUHJLRQXSSHUOLPLWVZHUH
DQGPPVORWRXWOHWV$WPPRXWOHWWKHPDWHULDOZDVGHDGDWDOOEHGKHDGV$W
PPRXWOHWPDWHULDOVWDUWHGQRWWRIORZFROODSVHDWEHGKHDGDERYHPPEHG
KHDG$WPPRXWOHWPDWHULDOVWDUWHGQRWWRIORZDWEHGKHDGDERYHPP7KLV
LVUHIOHFWHGLQWKHILJXUHEHORZ7KHUHJLRQZKHUHWKHUHDUHEODFNDUURZVLQGLFDWH
YDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRIXQFHUWDLQW\

)LJXUH  6LOR GLVFKDUJH FKDUDFWHULVWLFV RI FKRSSHG PLVFDQWKXV DW Û KRSSHU KDOI
DQJOH
 

&KRSSHG0LVFDQWKXV%HKDYLRXUDWÛZDOODQJOH

7KHVDPHDSSURDFKHPSOR\HGDWÛKRSSHUKDOI DQJOHZDVXVHGKHUHEXW WKH UHVXOW
ZDV VLJQLILFDQWO\ GLIIHUHQW DOWKRXJK WKH WUHQG ZDV TXDOLWDWLYHO\ VLPLODU 7KH IORZ
UHJLRQ ORZHU OLPLWV KHUH ZHUH    DQG PP VORW RXWOHWV  $W PP
RXWOHW WKH PDWHULDO RQO\ IORZHG DW PP EHG KHDG $W PP RXWOHW WKH PDWHULDO
IORZHGDWPPWRPPEHGKHDGV $WPPDQGPPRXWOHWV WKHPDWHULDO
IORZHGDWDOOEHGKHDGVHPSOR\HGPPWRPPEHGKHDGV7KHQRIORZUHJLRQ
XSSHUOLPLWVZHUHDQGPPVORWRXWOHWV $W WKHWZRRXWOHWV WKHPDWHULDOZDV
GHDGDWPPDQGPPEHGKHDGV7KLVLVUHIOHFWHGLQWKHILJXUHEHORZ7KH
UHJLRQZKHUHWKHUHDUHEODFNDUURZVLQGLFDWHYDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRI
XQFHUWDLQW\



)LJXUH  6LOR GLVFKDUJH FKDUDFWHULVWLFV RI FKRSSHG PLVFDQWKXV DW Û KRSSHU KDOI
DQJOH




 
:RRG6KDYLQJV%HKDYLRXUDWÛZDOODQJOH

7KH IORZ UHJLRQ ORZHU OLPLWV KHUH ZHUH PP PP DQG PP RXWOHWV  $W
PPRXWOHW WKHPDWHULDO IORZHGRQO\DWPPPPPPDQGPPEHG
KHLJKWV$WWKHPPRXWOHWWKHPDWHULDOIORZHGDWPPWRPPEHGKHDGV$W
PPRXWOHWWKHPDWHULDOIORZHGDWDOOEHGKHDGVPPWRPP7KHQRIORZ
UHJLRQXSSHU OLPLWVZHUHPPPPDQGPPRXWOHWV $W WKH WKUHHRXWOHWV
WKHPDWHULDOVZHUHGHDGDWPPPPDQGPPEHGKHDGVUHVSHFWLYHO\7KLV
LVUHIOHFWHGLQWKHILJXUHEHORZ7KHUHJLRQZKHUHWKHUHDUHEODFNDUURZVLQGLFDWH
YDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRIXQFHUWDLQW\


)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIZRRGVKDYLQJVDWÛZDOODQJOH










 
:RRG6KDYLQJV%HKDYLRXUDWÛZDOODQJOH

7KHIORZUHJLRQORZHUOLPLWVKHUHZHUHPPPPPPDQGPPRXWOHWV
$W WKH PP RXWOHW PDWHULDO RQO\ IORZHG DW D PP EHG KHDG  $W WKH PP
RXWOHWPDWHULDOIORZHGDWEHGKHLJKWVIURPPPWRPP$WWKHPPRXWOHW
WKHPDWHULDOIORZHGDWEHGKHLJKWVIRUPPPWRPP/DVWO\DWPPRXWOHW
PDWHULDOIORZHGDWDOOWKHEHGKHLJKWVPPWRPP7KHQRIORZUHJLRQXSSHU
OLPLWVZHUHPPPPDQGPPRXWOHWV $W WKH WKUHHRXWOHWV WKHPDWHULDOV
GLG QRW IORZ DW EHG KHLJKWV PP PP DQG PP UHVSHFWLYHO\  7KLV LV
UHIOHFWHG LQ WKH ILJXUHEHORZ 7KH UHJLRQ ZKHUH WKHUH DUHEODFN DUURZV LQGLFDWH
YDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRIXQFHUWDLQW\



)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIZRRGVKDYLQJVDWÛZDOODQJOH









 
6WUDZ%HKDYLRXUDWÛZDOODQJOH

7KH IORZ UHJLRQ ORZHU OLPLWV ZHUH PP PP PP PP DQG PP
RXWOHWV $W WKHPPRXWOHWPDWHULDORQO\ IORZHGDW VPDOOHVWEHGKHLJKW PP
$WWKHPPRXWOHWPDWHULDOIORZHGDWEHGKHLJKWVIURPPPDQGPP$WWKH
PPRXWOHWPDWHULDOIORZHGDWEHGKHLJKWVIURPPPPPDQGPP$W
WKHPPRXWOHWPDWHULDOIORZHGDWEHGKHLJKWVIURPPPWRPP$WPP
RXWOHW PDWHULDO IORZHG DW EHG KHLJKWV IURP PP WR PP  7KH QR IORZ UHJLRQ
XSSHUOLPLWVDOVRWRRNSODFHDWWKHVDPHIORZUHJLRQORZHUOLPLWVEXWDWGLIIHUHQWEHG
KHDGV 7KHUHZDVQR IORZDWEHGKHLJKWVRIPPPPPPPPDQG
PP ZLWK UHVSHFW WR RXWOHWV RI PP PP PP PP DQG PP
7KLV LV UHIOHFWHG LQ WKH ILJXUH  EHORZ  7KH UHJLRQ ZKHUH WKHUH DUH EODFN DUURZV
LQGLFDWHYDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRIXQFHUWDLQW\



)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIVWUDZDWÛZDOODQJOH







 
6WUDZ%HKDYLRXUDWÛZDOODQJOH

7KH IORZ UHJLRQ ORZHU OLPLWV ZHUH PP PP PP PP DQG PP
RXWOHWV $WWKHPPRXWOHWPDWHULDOIORZHGDWEHGKHLJKWVRIPPDQGPP
$WWKHPPDQGPPRXWOHWVPDWHULDOEHKDYHVYHU\VLPLODU7KHUHZDVIORZDW
EHGKHLJKWVIURPPPWRPP$WWKHPPRXWOHWWKHUHZDVIORZDWDOOEHG
KHLJKWV PP WR PP  7KH QR IORZ UHJLRQ XSSHU OLPLWV ZHUH PP 
PPDQGPPRXWOHWV%RWKPPDQGPPRXWOHWVKDYHVLPLODUEHKDYLRXU
7KHUHZDVQRIORZDWDOODWWKHPPEHGKHLJKWVDWERWKRXWOHWV$OVRWKHUHZDVQR
IORZ DW WKH PP DQG PP EHG KHLJKWV LQ UHVSHFW ZLWK PP DQG PP
RXWOHWV 7KLV LV UHIOHFWHG LQ WKH ILJXUHEHORZ 7KH UHJLRQZKHUH WKHUHDUHEODFN
DUURZVLQGLFDWHYDULDEOHEHKDYLRXUUHJLRQLHUHJLRQRIXQFHUWDLQW\


)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIVWUDZDWÛZDOODQJOH









 
2DWIODNHV%HKDYLRXUDWÛZDOODQJOH

2DW IODNHV LV ZHOOEHKDYHG DQG LW FRXOG EH WHUPHG DV PRVW IUHH IORZLQJ PDWHULDO
DPRQJDOOWKHPDWHULDOVWHVWHGLQWKLVSURMHFW0DWHULDOIORZHGDWDOOEHGKHDGVPP
WRPPDWPPPPPPPPDQGPPRXWOHWV 7KHUHZDVQRW
IORZRQO\ DW PP DQG PPRXWOHWV $WPPRXWOHW WKH JDWHZDV FORVHGEXW DW
PPRXWOHWWKHUHZDVQRIORZRQO\DWKLJKHVWEHGKHDGPP7KLVLVUHIOHFWHG
LQWKHILJXUHEHORZ7KHUHJLRQZKHUHWKHUHDUHEODFNDUURZVLQGLFDWHWKHUHJLRQ
ZKHUHWKHRXWOHWJDWHZDVFORVHGDQGWKHUHZDVQRPRYHPHQWIORZRIWKHSDUWLFOHV



)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIRDWIODNHVDWÛZDOODQJOH











 
2DWIODNHV%HKDYLRXUDWÛZDOODQJOH

7KH GLVFKDUJH EHKDYLRXU FKDUDFWHULVWLFV RI RDW IODNHV KHUH LV YHU\ VLPLODU WR DW 
ZDOO DQJOH 7KH RQO\ GLIIHUHQFH KHUH LV WKDW PDWHULDO IORZ UHOLDEO\ DW PP RXWOHW
UHJDUGOHVVRIWKHEHGKHDG7KLVLVUHIOHFWHGLQWKHILJXUHEHORZ7KHUHJLRQZKHUH
WKHUHDUHEODFNDUURZVLQGLFDWHWKHUHJLRQZKHUHWKHRXWOHWJDWHZDVFORVHGDQGWKHUH
ZDVQRPRYHPHQWIORZRIWKHSDUWLFOHV


)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIRDWIODNHVDWÛZDOODQJOH













 
5HHG&DQDU\*UDVV%HKDYLRXUDWÛZDOODQJOH

7KLV PDWHULDO KDV VRPH VLPLODU GLVFKDUJH FKDUDFWHULVWLFV ZLWK ZRRG VKDYLQJV DQG
PLVFDQWKXV0DWHULDOIORZHGDWPPPPPPDQGPPRXWOHWVEXWWKH
IORZ RQO\ WDNHV SODFH DW VPDOOHU EHG KHDGV DW PP PP DQG PP RXWOHWV
7KHUHZDVUHOLDEOHGLVFKDUJHDWPPRXWOHWVL]HUHJDUGOHVVRIWKHEHGKHDG7KHQR
IORZ UHJLRQ XSSHU OLPLWV WDNHV SODFH EHWZHHQ PP DQG PP RXWOHW VL]HV 7KH
PDWHULDOV ZHUH VWDJQDQW DW KLJKHU EHG KHDGV DW WKLV UHJLRQ 7KLV LV UHIOHFWHG LQ WKH
ILJXUH  EHORZ 7KH UHJLRQ RI XQFHUWDLQW\ LV GLVSOD\HG ZLWK EODFN DUURZV RQ WKH
JUDSKYDULDEOHEHKDYLRXUUHJLRQ



)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIUHHGFDQDU\JUDVVDWÛZDOODQJOH










 
5HHG&DQDU\*UDVV%HKDYLRXUDWÛZDOODQJOH

$W WKLVZDOO DQJOH Û WKHPDWHULDO DOVRKDV VRPH VLPLODUGLVFKDUJH FKDUDFWHULVWLFV
ZLWK ZRRG VKDYLQJV DQG PLVFDQWKXV 7KH SDUWLFOHV EHKDYH EHWWHU KHUH GXH WR WKH
VWHHSQHVVRIWKHZDOODQJOH0DWHULDOIORZHGDWPPPPPPDQGPP
RXWOHWV EXW WKH IORZ RQO\ WDNHV SODFH DW VPDOOHU EHG KHDGV DW PP PP DQG
PPRXWOHWV7KHUHZDVUHOLDEOHGLVFKDUJHDWPPRXWOHWVL]HUHJDUGOHVVRI WKH
EHGKHDG7KHQR IORZ UHJLRQXSSHU OLPLW WDNHV SODFHEHWZHHQPPDQGPP
RXWOHW VL]HV7KHPDWHULDOVZHUH VWDJQDQW DW KLJKHUEHGKHDGV DW WKLV UHJLRQ7KLV LV
UHIOHFWHGLQWKHILJXUHEHORZ7KHUHJLRQRIXQFHUWDLQW\YDULDEOHEHKDYLRXUUHJLRQ
LVGLVSOD\HGZLWKEODFNDUURZVRQWKHJUDSK



)LJXUH6LORGLVFKDUJHFKDUDFWHULVWLFVRIUHHGFDQDU\JUDVVDWÛZDOODQJOH






 
&RQFOXVLRQ
%DVHGRQWKHH[SHULPHQWDO LQYHVWLJDWLRQVFDUULHGRXWRQWKHQRYHOVLORWKHIROORZLQJ
FRQFOXVLRQVZHUHPDGH
x $OO WKH H[WUHPH VKDSH PDWHULDOV ZHUH DEOH WR EH GLVFKDUJHG LQ PDVV IORZ
SURYLGHGWKHRXWOHWGLPHQVLRQZDVODUJHHQRXJK
x 7KHQHFHVVDU\VL]HRIRXWOHWGLPHQVLRQLQFUHDVHGZLWKWKHKHLJKWRIPDWHULDOLQ
WKHYHVVHO 7KDW LV WKHRXWOHW UHTXLUHGIRUDJLYHQPDWHULDO WREHGLVFKDUJHG
UHOLDEO\LVDIXQFWLRQRIWKHEHGKHLJKW
x 7KH UHJLRQV RI XQFHUWDLQW\ WKDW LV YDULDEOH EHKDYLRXU UHJLRQV LQ WKH JUDSKV
DERYHYDULHVVOLJKWO\IURPHDFKRWKHU7KLV UHJLRQRIXQFHUWDLQW\FDQKHOS WR
LGHQWLI\ WKH PLFURPHFKDQLFV VRXUFH RI UHVLVWDQFH WR IORZ IXUWKHU ,W FDQ DOVR
JLYHDQLQGLFDWLRQRIPHFKDQLVPRIIDLOXUHRIWKHPDWHULDOVDWWKHVHUHJLRQV
x 0DWHULDOV WHQG WR IORZ EHWWHU DW WKH  KRSSHU KDOI DQJOH LH VWHHSHU
FRQYHUJLQJDQJOHWKDQDWWKHKRSSHUKDOIDQJOH
x 3DUWLFOHV FKDUDFWHULVWLFV VXFK DV DVSHFW UDWLR DOVR KDYH DQ LPSDFW RQ WKH
IORZDELOLW\ RI WKH PDWHULDOV 2DW IODNHV ZKLFK KDYH YHU\ VPDOO DVSHFW UDWLR
GLVFKDUJHUHOLDEO\DWDYHU\VPDOORXWOHWGLPHQVLRQZKLOHVWUDZZKLFKKDVYHU\
ODUJHDVSHFWUDWLRUHTXLUHVELJRXWOHWIRUWKHPDWHULDOWRGLVFKDUJHUHOLDEO\








 
&KDSWHU'HYHORSPHQWDQG(YDOXDWLRQRID&ULWLFDO$UFK0RGHO
,QWURGXFWLRQ
7KLVFKDSWHUSUHVHQWVWKHPRGHOIRUDUFKVWUHQJWKRIH[WUHPHVKDSHPDWHULDOVEDVHGRQ
EXONWHQVLOHVWUHQJWKZKLFKKDVEHHQHYDOXDWHGDJDLQVWDUDQJHRIELRPDVVPDWHULDOV
,WGLVFXVVHV WKHQHZSUHGLFWHGDUFKLQJPRGHOYHUVXVDFWXDODUFKLQJGLPHQVLRQ 7KH
YHUWLFDO VWUHVV SURILOH IRU WKH GLIIHUHQW PDWHULDOV LQ WKH KRSSHU ZDV SUHVHQWHG DV D
IXQFWLRQ RI EHG KHLJKW  7KH VWUHVV SURILOH ZDV FRQGXFWHG RQ DOO WKH  PDWHULDOV
HPSOR\HGLQWKLVSURMHFWUDQJLQJIURPRDWIODNHVZRRGFKLSVUHHGFDQDU\JUDVVZRRG
VKDYLQJVVWUDZPLVFDQWKXVVKUHGGHGSDSHUDQGODZQJUDVV

%DVHG RQ WKH UHVXOWV SUHVHQWHG LQ ILJXUH  SDUWLFXODUO\ RQ WKH DVSHFW RI DUFKLQJ
GLPHQVLRQ PHDVXUHPHQWV IXUWKHU DQDO\VLV ZDV GRQH WR REWDLQ D PRUH FRQVLVWHQW
SUHGLFWLRQ RI DUFKLQJ GLPHQVLRQV  7KH DFWXDO DUFKLQJ GLPHQVLRQ LV WKH VDPH KHUH
EHFDXVH LWZDV WKH VDPH WHVW ULJ ZHGJH VKDSHYHVVHO DQG WKH VDPHPDWHULDOVZHUH
XVHG +RZHYHUVLORGLVFKDUJH WHVW LVHODERUDWHGPRUHDQGIORZIDLOXUHSORWV IRU WKH
DFWXDO DUFKLQJ GLPHQVLRQ DUH SUHVHQWHG DW WZR GLIIHUHQW ZDOO DQJOHV R DQG R
UHVSHFWLYHO\ IRU RDW IODNHV ZRRG VKDYLQJV VWUDZ FKRSSHG PLVFDQWKXV DQG UHHG
FDQDU\ JUDVV VKRZLQJ IORZ DQG QR IORZ UHJLRQV DV SUHVHQWHG LQ FKDSWHU   2WKHU
PDWHULDOV OLNH ODZQ JUDVV DQG VKUHGGHG SDSHU ZHUH QRW VKRZQ EHFDXVH WKH\ ZHUH
KLQGHUHG GXH WR WKH DEVHQFH RI VXIILFLHQW PDWHULDOV WR ILOO WKH VHFRQG ZHGJH KRSSHU
DQG WKHUHIRUH FRQGXFW D IDLU FRPSDUDWLYH WHVW  :RRGFKLSV LV QRW VKRZQ EHFDXVH LW
EHKDYHGFRQVLVWHQWO\WKHVDPHDVPLVFDQWKXVLQDOOWKHWHVWVXQGHUWDNHQLQWKLVSURMHFW
7KH\DOVRKDYHDSSUR[LPDWHO\HTXDOSDUWLFOHVL]HDQGVKDSHFKDUDFWHULVDWLRQVHHWDEOH
 $VDUHVXOWRI WKLVFKRSSHGPLVFDQWKXVZDVXVHGDVDUHSUHVHQWDWLYHVDPSOHIRU
IXUWKHUWHVW

)XUWKHUPRUHVWUHVVSURILOHVWUHVVGLVWULEXWLRQLQZHGJHVKDSHYHVVHOZDVPRGHOOHGLQ
RUGHU WR VHH WKH LPSDFWV RI VWUHVV RQ WKH IORZDELOLW\ RI WKH PDWHULDOV  7KH WZR
HTXDWLRQVSUHVHQWHGLQFKDSWHUVHFWLRQZHUHDOVRXWLOLVHGKHUHEXWPRGLILHG
IRUWKHQHZPRGHOOLQJSDUWLFXODUO\HTXDWLRQ7KHWHQVLOHVWUHQJWKYDOXHVSUHVHQWHG
LQ VHFWLRQ  ILJXUH  ZHUH H[WUDSRODWHG WR JHQHUDWH QHZ WHQVLOH VWUHVV YDOXHV
ZKLFKZHUHXVHGIRUWKHVWUHVVSURILOHDQDO\VLVDQGSUHGLFWHGDUFKLQJGLPHQVLRQVVHH
$SSHQGL[%$OVRWKHDFWXDOEXONGHQVLW\ZKLFKZDVSUHVHQWHGLQ7DEOHLVXVHGDV
 
SDUW RI NH\ SDUDPHWHUV LQ JHQHUDWLQJ WKH QHZ SUHGLFWHG EXON GHQVLW\ YDOXHV QHZ
SUHGLFWHG QRUPDO VWUHVV WKDW WKH PDWHULDOV H[SHULHQFH LQVLGH WKH YHVVHO DQG WKH QHZ
SUHGLFWHGDUFKLQJGLPHQVLRQVVHH$SSHQGL[%DQG&

$UFKLQJ'LPHQVLRQ0HDVXUHPHQWV

7KH FULWLFDO DUFKLQJ GLPHQVLRQ ZDV PHDVXUHG IRU RDW IODNHV FKRSSHG PLVFDQWKXV
ZRRG VKDYLQJV UHHG FDQDU\ JUDVV DQG VWUDZ LQ D ODUJHU RXWOHW PP PD[ ZLGWK
PDVVIORZVLOR IRUGLIIHUHQW ILOOKHLJKWV 7KHVHDFWXDODUFKLQJGLPHQVLRQVKDYH WKHQ
EHHQFRPSDUHGZLWKSUHGLFWHGDUFKLQJGLPHQVLRQVWKDWKDYHEHHQGHWHUPLQHGIURPWKH
WHQVLOHVWUHQJWKIXQFWLRQVRIWKHPDWHULDOVWRUHSUHVHQWDWHQVLOHIDLOXUHPHFKDQLVPIRU
WKHDUFK

7DNLQJWKHWHQVLOHVWUHQJWKDVDIXQFWLRQRIQRUPDOVWUHVVWKHWHQVLOHVWUHQJWKKDVEHHQ
FRQYHUWHGWRDQDUFKLQJGLPHQVLRQE\XVLQJHTXDWLRQEHORZDQGWKHQRUPDOVWUHVV
KDVEHHQFRQYHUWHGWRDILOOKHLJKWXVLQJHTXDWLRQEHORZ7KHHTXDWLRQEHORZZDV
DGDSWHG IURP K\GURVWDWLF HTXDWLRQ EHFDXVH ELRPDVV PDWHULDOV WHVWHG VR IDU LQ WKLV
SURMHFWEHKDYHK\GURVWDWLFDOO\LQVLGHWKHYHVVHO7KHPHDVXUHGDQGSUHGLFWHGDUFKLQJ
GLPHQVLRQV KDYH WKHQ EHHQ FRPSDUHG DW FRPPRQ ILOO KHLJKWV IRU D UDQJH RI WHVW
PDWHULDOVRDWIODNHVFKRSSHGPLVFDQWKXVZRRGVKDYLQJVDQGVWUDZLQVHFWLRQV
DQGUHVSHFWLYHO\)LJXUHEHORZLVXVHGIRUWKHFRPSDUDWLYH
DQDO\VLVEHWZHHQDFWXDODQGSUHGLFWHGDUFKLQJGLPHQVLRQVIRUWKHPDWHULDOV

% 7ȡEJ (TXDWLRQ

V ȡEJK


(TXDWLRQ
:KHUH% $UFKLQJ'LPHQVLRQP
 7 7HQVLOHVWUHQJWK3D
 ȡE %XON'HQVLW\NJP
 K 3DUWLFOH%HG+HDGP
 
V 1RUPDO6WUHVV3D
 J DFFHOHUDWLRQGXHWRJUDYLW\PV
7HQVLOH VWUHQJWK DQGEXONGHQVLW\ ZHUHGHULYHG IURP WHVWVXVLQJ WHQVLOH WHVWHU DQG D
F\OLQGULFDOWHVWFHOODVH[SODLQHGLQFKDSWHUVHFWLRQ 7KHEXONGHQVLWLHVXVHG
IRUWKHFDOFXODWLRQVZHUHWDNHQDWWKHKLJKHVWQRUPDOVWUHVV.3D7KLVLVEHFDXVH
LW VLPXODWHV WKH DFWXDO FRQGLWLRQ WKH PDWHULDOV ZLOO H[SHULHQFH LQVLGH WKH VLOR  7KH
EXONGHQVLW\YDOXHVDUHVKRZQLQWDEOH7KHWHQVLOHVWUHQJWKYDOXHVZHUHWDNHQIURP
WKHIDLOXUHSORWEHWZHHQN3DWRN3D7KHWHQVLOHVWUHQJWKYDOXHVFRUUHVSRQG
WRWKHQRUPDOVWUHVVYDOXHVZKLFKUDQJHIURPN3D7KLVLVUHIOHFWHGLQ
ILJXUH  VHFWLRQ  LQ &KDSWHU  IRU WHQVLOH PHDVXUHPHQWV RI H[WUHPH VKDSH
PDWHULDOV
7 )RUFH$UHD
7 7HQVLOHVWUHQJWK
)RUFH PJ
:KHUHP PDVVRIWKHPDWHULDOWKDWLVSXWLQVLGHWKHWHQVLOHWHVWHU
$   DUHD RI WKH SODQH IDLOXUH LQ WKH WHQVLOH WHVWHU ZKLFK DUH GHSWK ' DQG
EUHDGWK%RIWKHWHQVLOHWHVWHUVHHILJXUH










)LJXUH7HQVLOHWHVWHUIHDWXUHV

 7KDWLV$ %['P
ȡE PDVV9ROXPH
:KHUHP PDVVRIWKHPDWHULDOWKDWLVSXWLQVLGHWKHWHQVLOHWHVWHU
9 YROXPHRIWKHPDWHULDOLQVLGHWKHWHQVLOHWHVWHUZKLFKLVOHQJWK/WLPHV
EUHDGWK%WLPHVGHSWK'RIWKHWHQVLOHWHVWHUVHHILJXUHDERYH

6WDWLF&HOO

'\QDPLF&HOO'
%

P
 )
/

 
DOVRKDYHVRPHOHYHORIVLPLODUWUDLWVLQWKHSUHGLFWHGDUFKLQJGLPHQVLRQYDOXHV7KLV
LVUHIOHFWHGLQWKHILJXUHDERYH
 6WUDZ  7KH PDWHULDO LV WKH PRVW WURXEOHVRPH RQH DPRQJ WKH IRXU PDWHULDOV
%RWK DFWXDO DUFKLQJ GLPHQVLRQ DQG SUHGLFWHG DUFKLQJ GLPHQVLRQ LV YHU\ KLJK
FRPSDUHGWRRWKHUPDWHULDOV7KH\UHTXLUHODUJHURXWOHWIRUWKHPDWHULDOWRGLVFKDUJH
XQGHUJUDYLW\7KLVLVUHIOHFWHGLQWKHILJXUHDERYH7KHWHQVLOHVWUHQJWKDSSURDFK
DFFXUDWHO\ SUHGLFWV WKH VWUHQJWK DW ORZ EHG KHDGV  $W KLJKHU EHG KHDGV WKH WHQVLOH
VWUHQJWK VLJQLILFDQWO\ RYHU HVWLPDWHV WKH VWUHQJWK RI WKH PDWHULDO DQG WKH DUFKLQJ
GLPHQVLRQ7KLVFRXOGEHGXHWRODUJHSDUWLFOHOHQJWKRIWKHVWUDZSDUWLFOHVLHOHQJWK
ZDVDSSUR[LPDWHO\HTXDOWRWKDWRIWHQVLOHFHOO
 5HHG &DQDU\ *UDVV  7KH PDWHULDO EHKDYHV FRQVLVWHQWO\ ZLWK FKRSSHG
PLVFDQWKXVDQGZRRGVKDYLQJVGXULQJ WKHVLORGLVFKDUJH WHVW LH WKHDFWXDODUFKLQJ
GLPHQVLRQ LV WKH VDPH DW ORZHU EHG KHDGV  7KH\ DOVR KDYH VRPH OHYHO RI VLPLODU
WUDLWVLQWKHSUHGLFWHGDUFKLQJGLPHQVLRQYDOXHVDWORZHUEHGKHDGVEXWDWKLJKHUEHG
KHDGVWKHUHLVVLJQLILFDQWGLIIHUHQFHZKLFKZDVH[SHULHQFHGLQWKHVLORGLVFKDUJHWHVW
DQG DOVR LQ WKH SUHGLFWHG YDOXHV EXW WKH SUHGLFWHG YDOXH RI ZRRG VKDYLQJV LV
DSSUR[LPDWHO\HTXDOZLWKUHHGFDQDU\JUDVVDWKLJKHUEHGKHDGV 7KLVLVUHIOHFWHGLQ
WKHILJXUHDERYH

&RQFOXVLRQ
*HQHUDOO\WKHUHLVQRWUHQGDV\HWZLWKERWKXQGHUDQGRYHUSUHGLFWLRQRIWKHVWUHQJWK
H[KLELWHG+RZHYHUWKHUHDUHVLJQLILFDQWOLPLWDWLRQVWRWKHWHQVLOHWHVWHUXVHGZKLFK
QHHGWREHRYHUFRPHWRJHQHUDWHPRUHDFFXUDWHPHDVXUHPHQWVSUHVHQWHGLQILJXUH
DERYH
(PSLULFDO GDWD IURP WKH VLOR GLVFKDUJH WHVW DUH FRQVLVWHQW EDVHG RQ WKH PDWHULDO
FKDUDFWHULVWLFV OLNH EXON GHQVLW\ DQG SDUWLFOH DVSHFW UDWLR  0DWHULDO ZLWK KLJK EXON
GHQVLW\ DQG ORZ DVSHFW UDWLR EHKDYH YHU\ ZHOO  )RU H[DPSOH RDW IODNHV LV WKH PRVW
IUHHIORZLQJPDWHULDODPRQJWKHPDWHULDOVHYDOXDWHG7KLVLVEHFDXVHLWKDVKLJKEXON
GHQVLW\ DQG ORZ DVSHFW UDWLR  %RWK RDW IODNHV SUHGLFWHG DQG DFWXDO YDOXHV DUH
DSSUR[LPDWHO\WKHVDPH 6WUDZH[KLELWVVLJQLILFDQWO\GLIIHUHQWEHKDYLRXUDPRQJWKH
ILYH PDWHULDOV  ,W LV WKH PRVW WURXEOHVRPH  %RWK SUHGLFWHG DQG DFWXDO DUFKLQJ
GLPHQVLRQV DUH ODUJH LQ LQGXVWULDO WHUPV 5HJDUGOHVVRI WKHEHG KHLJKW LW UHTXLUHV D
 
ZLGH RXWOHW VL]H IRU UHOLDEOH GLVFKDUJH  ,Q WKH WHQVLOH VWUHQJWK PHDVXUHPHQW RI WKH
VWUDZ ZKLFK LV FRQYHUWHG WR WKH SUHGLFWHG DUFKLQJ GLPHQVLRQ VWUDZ H[KLELWV KLJK
WHQVLOH VWUHQJWK SURSHUW\  $OO WKHVH DWWULEXWHV DUH GXH WR ORZ EXON GHQVLW\ DQG KLJK
DVSHFWUDWLR

2WKHU PDWHULDOV OLNH UHHG FDQDU\ JUDVV ZRRG VKDYLQJV DQG PLVFDQWKXV EHKDYH
FRQVLVWHQWO\ZHOODWORZHUEHGKHLJKWVEXWDWKLJKHUEHGKHLJKWVWKHUHLVDVLJQLILFDQW
GLIIHUHQFH$WVRPHSRLQWVWKH\KDYHVLPLODUWUDLWVLQWKHSUHGLFWHGYDOXHV7KHLUEXON
GHQVLW\LVTXLWHORZFRPSDUHGWRRDWIODNHVEXWKLJKHUWKDQVWUDZ$OVRWKHLUDVSHFW
UDWLRLVVPDOOHUFRPSDUHGWRVWUDZDQGKLJKHUFRPSDUHGWRRDWIODNHV

2YHUDOO WKH SUHGLFWLRQ JUHDWO\ RYHU HVWLPDWHV WKH DUFKLQJ GLPHQVLRQ ZKLOH WKH
HPSLULFDODSSURDFKJLYHVDXVHIXOJXLGHZKLFKFDQEHHPSOR\HGLQGHVLJQLQJVWRUDJH
YHVVHOUHTXLUHGIRUGLVFKDUJHRIELRPDVVPDWHULDOV

,PSURYLQJWKH$UFKLQJ0RGHO
7KH PRGHO DERYH VHFWLRQ  XVHG D YHU\ PXFK VLPSOLILHG DSSURDFK LQ WKDW WKH
WHQVLOH VWUHQJWK ZDV WDNHQ DV D YDOXH DW D IL[HG VWUHVV %XW LQ UHDOLW\ WKH WHQVLOH
VWUHQJWKGHSHQGVRQWKHVWUHVVZKLFKLQWXUQGHSHQGVRQWKHKHDGRIPDWHULDO LQ WKH
VLORDQGLWVEXONGHQVLW\6RWKHREYLRXVQH[WVWHSZDVWRWDNHDFFRXQWRIVWUHVVLQWKH
RXWOHWZKHQVHOHFWLQJWKHYDOXHRIWHQVLOHVWUHQJWKWRXVHLQWKHDUFKLQJFDOFXODWLRQ
7KHPRGHOOLQJZDVVWDUWHGZLWKH[SHULPHQWDOFDOFXODWLRQRIEXONGHQVLW\DVDIXQFWLRQ
RIQRUPDO VWUHVV  %RWK ORRVHILOO DQGFRPSDFWHG EXONGHQVLW\ZHUH FDOFXODWHG IRU
ELRPDVVPDWHULDOV7KHEXONGHQVLW\IXQFWLRQVRIWKHPDWHULDOVDUHJLYHQLQWKHILJXUH
EHORZ



 
VWUDZZKLFKUHTXLUHVZLGHRXWOHWVL]H%RWKSUHGLFWHGDQGDFWXDODUFKLQJGLPHQVLRQV
KDYHSURYHGWKLVHVWLPDWLRQWREHWUXHWKRXJKWKHUHLVVLJQLILFDQWGLIIHUHQFHEHWZHHQ
WKHWZRYDOXHV 5HHGFDQDU\JUDVVZRRGVKDYLQJVDQGVKUHGGHGSDSHUKDYHVLPLODU
YDOXHVEXWWKH\EHKDYHGLIIHUHQWO\LQVLGHWKHVLORSDUWLFXODUO\VKUHGGHGSDSHU:RRG
VKDYLQJV DQG UHHG FDQDU\ JUDVV KDYH VRPH VLOR GLVFKDUJH EHKDYLRXU VLPLODULWLHV
HVSHFLDOO\DWWKHORZHUEHGKHLJKWV

*HQHUDOO\IURPH[SHULHQFHRIWKHXQFRQILQHGIDLOXUHH[SHULPHQWZLWKH[WUHPHVKDSH
PDWHULDOVWKHK\GURVWDWLFPRGHOWKDWLVXVHGZLWKH[WUHPHVKDSHPDWHULDOVLVMXVWLILHG
GXH WR WKH IDFW WKH PDWHULDO LQWHUSDUWLFOH IRUFHV DUH RIWHQ YHUWLFDO ZKHQ WKH\ DUH
FRPSUHVVHG XQLD[LDOO\ DV GLVFXVVHG HDUOLHU LQ FKDSWHU  VHFWLRQ   7KLV
UHSOLFDWHVZKDWLVKDSSHQLQJLQVLGHWKHVLOR7KHVHH[WUHPHVKDSHSDUWLFOHVGRQRWUROO
WRWKHVLORZDOOVRWKH\H[HUWDUHODWLYHO\VPDOOKRUL]RQWDOIRUFHRQWKHVLORZDOOLH
WKHLU ODWHUDO VWUHVV LV DOZD\V FORVH WR ]HUR DV D UHVXOW WKH\ GR QRW VSUHDG ODWHUDOO\
WKHUHIRUHWKH\GRQRWIORZRIWHQSDUWLFXODUO\DWVPDOORXWOHWVL]HDQGKLJKHUEHGKHDG
 

)LJXUH  $VVXPHG YHUWLFDO VWUHVV GLVWULEXWLRQV LQ WKH SODQH IORZ VLOR IRU YDULRXV
H[WUHPHVKDSHPDWHULDOV :KHUHVUHIHUV WR WKHSDVVLYHVWUHVVVWDWHDQGVUHIHUV WR
WKHDFWLYHVWUHVVVWDWH

$UFKLQJ0RGHO
$V SUHYLRXVO\ GHVFULEHG LQ VHFWLRQ  WKH PHWKRG XVHG LQ FDOFXODWLQJ WKH UHVXOWV
SUHVHQWHG LQ WKLV VHFWLRQ LVPRGLILHGDVFRPSDUHG WR WKH UHVXOWVSUHVHQWHG LQ VHFWLRQ
 SDUWLFXODUO\ WKH SUHGLFWHG DUFKLQJ GLPHQVLRQV  7KH WKHRU\ XVHG LQFOXGHV SXUHO\
DQDO\WLFDOH[SUHVVLRQVIRUWKHGLVWULEXWLRQRIDFWLYHDQGSDVVLYHVWUHVVHVLQWKHELRPDVV
 
PDWHULDOV LQ WKH SODQH IORZ YHVVHO DV SUHVHQWHG LQ WKH VHFWLRQ   7KH QHZ WKHRU\
\LHOGVDUHGXFWLRQLQWKHFRQVHUYDWLVPRIWKHFDOFXODWHGDUFKLQJGLPHQVLRQVSUHVHQWHG
SUHYLRXVO\ LQ VHFWLRQ   7KHUH LV D WUHQG LQ WKH GDWD JHQHUDWHG IURP WKH PRGHO
ILJXUH7KDWLVWKHGDWDOLQHIRUHDFKH[WUHPHVKDSHPDWHULDODWGLIIHUHQWDQJOHV
IDOOV DSSUR[LPDWHO\ LQ WKH VDPH UHJLRQDW ERWK;DQG <D[LV H[FHSW VWUDZZKLFK LV
SUHVHQWHGLQILJXUH7KHIDLOXUHSORWVGDWDDUHSUHVHQWHGLQ$SSHQGL[&LQWDEXODU
IRUP

)LJXUH  $UFKLQJ 'LPHQVLRQV &RPSDULVRQ IRU ([WUHPH 6KDSH 0DWHULDOV ZLWKRXW
VWUDZ%
7ZR KRSSHU KDOI DQJOHV Û DQG Û ZHUH FRPSDUHG ZLWK HDFK RWKHU IRU HDFK
PDWHULDO1RWHWKDW WKHWRWDOKHLJKWRIVLORPDWHULDOKHDGZDVWKHVDPHLQERWKWHVWV
GHVSLWHWKHFKDQJHLQWKHKDOIDQJOHV$WWKHVWHHSHUÛKRSSHUKDOIDQJOHPDWHULDOV
UHTXLUH VPDOOHU RXWOHW GLPHQVLRQ FRPSDUHG WR WKH Û DQJOH  7KH SUHGLFWHG YDOXHV
FRQVLVWHQWO\ RYHUHVWLPDWH WKH DFWXDO RXWOHW GLPHQVLRQ DW ERWK KRSSHU KDOI DQJOHV
6WUDZLVWKHRQO\PDWHULDOWKDWUHTXLUHGZLGHRXWOHWGLPHQVLRQUHJDUGOHVVRIWKHZDOO
DQJOHV 7KHRDW IODNHV DUFKLQJGLPHQVLRQHVWLPDWLRQ DW WKH WZRZDOO DQJOHV LV YHU\
VPDOO DQG WKH\ DUH WKH VDPH IRU ERWK DFWXDO DQG SUHGLFWHG GDWD  2WKHU PDWHULDOV
 
EHKDYH FRQVLVWHQWO\ ZHOO SDUWLFXODUO\ DW ORZHU EHG KHLJKWV H[FHSW UHHG FDQDU\ JUDVV
ZKLFKEHKDYHVWRWDOO\GLIIHUHQWDWKRSSHUKDOIDQJOHDWWKHKLJKHUEHGKHDGIRUWKH
DFWXDOGLPHQVLRQ

)LJXUH$UFKLQJ'LPHQVLRQV&RPSDULVRQIRU([WUHPH6KDSH0DWHULDOVZLWK6WUDZ
LQFOXGHG%
)URPWKHJUDSKDERYHWKHGLIIHUHQFHEHWZHHQVWUDZDQGRWKHUVPDWHULDOVLVGXHWRWKH
EXONGHQVLW\DQGSDUWLFOHVL]H7KHZLGHGLIIHUHQFHEHWZHHQVWUDZDQGRWKHUPDWHULDOV
LQWHUPVRIEXONGHQVLW\LVDSSUR[LPDWHO\GLIIHUHQFH 7KHIODNHVDUHPRUHIUHH
IORZLQJDQGKDYHYHU\VPDOO DVSHFW UDWLRZKLFK LVZKLOH VWUDZ LVSXUH ORQJ ILEUHV
ZLWKRXWGXVWDQGWKHDVSHFWUDWLRLV2WKHUPDWHULDOVDUHVKRUWILEUHVZLWKGXVW$OO
WKHVH DWWULEXWHV FRQWULEXWH WR WKH ZLGH GLIIHUHQFH LQ WKH EHKDYLRXU RI WKH PDWHULDOV
SDUWLFXODUO\VWUDZ



 
$UFKLQJ'LPHQVLRQYHUVXV%HG+HDG([SHULPHQWDODQGSUHGLFWHGUHVXOWV
([SHULPHQWDO LQYHVWLJDWLRQVFDUULHGRXW LQ WKLVSURMHFWSDUWLFXODUO\ WKHVLORGLVFKDUJH
WHVWV 3ODQH IORZ DQG F\OLQGULFDO IODW ERWWRP VLORV PDVV IORZ DQG FRUH IORZ KDYH
VKRZQWKDWWKHRXWOHWDQGZDOODQJOHUHTXLUHGIRUH[WUHPHVKDSHPDWHULDOVWRGLVFKDUJH
UHOLDEO\GHSHQGVRQWKHEHGKHLJKWRIWKHPDWHULDO

7KHGDWDXVHGIRUWKHIDLOXUHSORWVLQWKLVVHFWLRQDUHGHVFULEHGLQVHFWLRQ$OVR
WKHIDLOXUHSORWVGDWDDUHSUHVHQWHGLQ$SSHQGL[&LQWDEXODUIRUP7KHFRPSDUDWLYH
DQDO\VLVLVGRQHDWWZRZDOODQJOHVÛDQGÛUHVSHFWLYHO\$WERWKZDOODQJOHVRDW
IODNHV EHKDYH FRQVLVWHQWO\ UHJDUGOHVV RI WKH EHG KHLJKW  7KH DUFKLQJ GLPHQVLRQV
UHTXLUHG IRU UHHG FDQDU\ JUDVV ZRRG VKDYLQJV DQG PLVFDQWKXV DUH VLJQLILFDQWO\
VPDOOHUDWÛZDOODQJOHFRPSDUHGWRDWÛZDOODQJOH7KLVLVUHIOHFWHGLQWKHILJXUHV
EHORZ:RRGVKDYLQJVDQGPLVFDQWKXVDSSUR[LPDWHO\EHKDYHHTXDODWÛZDOODQJOH
DQG EHKDYH YHU\ VLPLODU DW ORZHU EHG KHDG DW Û ZDOO DQJOH  5HHG FDQDU\ JUDVV
EHKDYHVFORVHO\HTXDOZLWKZRRGVKDYLQJVDWKLJKHUEHGKHLJKWDWÛZDOODQJOHEXW
EHKDYHWRWDOO\GLIIHUHQWDWÛZDOOSDUWLFXODUO\DWKLJKHUEHGKHLJKWV$VSHUVWUDZLW
UHTXLUHVODUJHDUFKLQJGLPHQVLRQVFRPSDUHWRRWKHUPDWHULDOV,WEHKDYHVWKHVDPHDW
ORZHUEHGKHDGVZLWK UHHGFDQDU\JUDVV DWÛZDOODQJOH $WÛZDOODQJOHVWUDZ
EHKDYHV PRUH WURXEOHVRPH DW P EHG KHDG PDWHULDO UHTXLUHV ODUJHVW DUFKLQJ
GLPHQVLRQ P WR GLVFKDUJH FRPSDUH WR Û ZDOO DQJOH ZKHUH PDWHULDO UHTXLUHV
PDUFKLQJGLPHQVLRQDWEHGKHDGWRGLVFKDUJHIURPWKHYHVVHO



 
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$UFKLQJ'LPHQVLRQV3UHGLFWLRQ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5HHG&DQDU\*UDVV
:RRGVKDYLQJV
6WUDZ
0LVFDQWKXV

)LJXUH3UHGLFWHGDUFKLQJGLPHQVLRQVYHUVXVEHGKHLJKWZLWK6WUDZLQFOXGHG
7KHSRLQWKHUHLVWKHSDWWHUQRIEHKDYLRXULVVLPLODUEHWZHHQSUHGLFWHGDQGDFWXDOEXW
WKHSUHGLFWHGYDOXHLVRYHUE\DIDFWRURIDERXWH[FHSWIRUVWUDZ
&RQFOXVLRQ
&RQFOXVLYHO\EDVHGRQWKHVWUHVVSURILOHSUHVHQWHGLQWKLVFKDSWHUELRPDVVPDWHULDOV
WKDW KDYH WKH VDPH SDUWLFOH FKDUDFWHULVWLFV SUHVHQWHG LQ WDEOH  &KDSWHU  DQG
PLFURJUDSKVLQ&KDSWHUZLOOEHKDYHLQWKHVDPHZD\LQVLGHWKHSODQHIORZYHVVHODW
WKHZDOODQJOHVDQGRXWOHWVL]HVXVHGLQWKLVSURMHFW%LRPDVVPDWHULDOVFKRVHQIRUWKLV
SURMHFW DUH LQGXVWULDO JUDGHV DQG WKH\ FDQ VHUYH DV D EHQFKPDUN IRU IXWXUH ELRPDVV
PDWHULDOV EHFDXVH ELRPDVV DUH VHDVRQDO DQG WKH\ FRPH LQ GLIIHUHQW VKDSH DQG VL]H
ZKLFK LV SUDFWLFDOO\ GHSHQG RQ WKH FRPSDQ\¶V UHTXLUHPHQWV DQG WKH JUDQXODWRU WKDW
GRHV WKH VL]H UHGXFWLRQ LQ WKH IRUHVWU\  2WKHU LQWHUPHGLDWH WUHDWPHQWV LQ WKH ELR
UHILQHU\LQGXVWU\OLNHELRPDVVWRUUHIDFWLRQDQGUHIXVHGHULYHGIXHOVZLOOKDYHLPSDFWV
RQ WKH IORZDELOLW\ RI WKH PDWHULDOV EHFDXVH LW ZLOO DIIHFW WKH VKDSH VL]H WH[WXUH
PRLVWXUHFRQWHQWDVSHFWUDWLRWHQVLOHVWUHQJWKDQGEXONGHQVLW\RIWKHPDWHULDOV


 
+RZHYHULWLVHVWDEOLVKHGLQWKHH[SHULPHQWDOLQYHVWLJDWLRQVWKDWRXWOHWVL]HUHTXLUHG
IRU DQ\ JLYHQ ELRPDVV PDWHULDOV WR GLVFKDUJH UHOLDEO\ IURP WKH SODQH IORZ YHVVHO
GHSHQGVRQ WKHPDWHULDOVEHGKHDG LQVLGH WKHYHVVHO$OVR WKHDVSHFW UDWLRRU VKDSH
IDFWRUKDVVLJQLILFDQWLPSDFWRQWKHIORZDELOLW\RIWKHSDUWLFOHVLQVLGHWKHYHVVHO7KLV
LVDQLPSRUWDQWJXLGHWRWKHELRUHILQHU\LQGXVWU\
 
&KDSWHU&RQFOXVLRQVDQG5HFRPPHQGDWLRQVIRUIXUWKHUZRUN
,QWURGXFWLRQ
,WLVREYLRXVWKDWWKHZRUNSUHVHQWHGLQWKLVWKHVLVUHTXLUHVFRQWLQXDWLRQEDVHGRQWKH
ERGLHV RI OLWHUDWXUHV UHYLHZHG H[SHULPHQWDO LQYHVWLJDWLRQV FDUULHG RXW LQGXVWULDO
VXUYH\V FDUULHGRXW DQG FRQVWLWXWLYHPDWKHPDWLFDOPRGHOV HPSOR\HG7KHREMHFWLYHV
RIWKHSURMHFWZDVFRPSOHWHGSDUWLFXODUO\FKDUDFWHULVDWLRQRIH[WUHPHVKDSHPDWHULDOV
2WKHU WZR REMHFWLYHV UHTXLUH UHILQHPHQW IRU WRWDO FRPSOHWLRQ .QRZOHGJH KDV EHHQ
DGGHGWRWKHFRQVWLWXWLYHPRGHOEXWQRWWRWDOO\FRPSOHWHG7KHPRGHODFFXUDF\LQWKLV
SURMHFWLVFXUUHQWO\SRRU,WQHHGVUHILQHPHQWLQRUGHUWRLPSURYHWKHWUHQGLQWKHUHVXOW
REWDLQHGHVSHFLDOO\WKHSUHGLFWHGUHVXOWVZKLFKZHUHREWDLQHGIURPUHPRGLILFDWLRQRI
-HQLNH $UFKLQJ 7KHRU\ %DVHG RQ WKLV WKH IROORZLQJ FRQFOXVLRQV DQG
UHFRPPHQGDWLRQVIRUIXUWKHUZRUNDUHSUHVHQWHGLQWKHVXEVHTXHQWVHFWLRQV

6LOR'LVFKDUJH7HVWV
6LOR GLVFKDUJH WHVWV KDYH EHHQ XQGHUWDNHQ IRU H[WUHPH VKDSH PDWHULDOV XVLQJ
JHRPHWU\WKDWSURGXFHVWKHWZRH[WUHPHVRIGLVFKDUJHSDWWHUQV FRUHIORZDQGPDVV
IORZ
x &RUH IORZ WHVW KDYH GHPRQVWUDWHG WKDW WKLV IORZ SDWWHUQ GRHV QRW ZRUN IRU
H[WUHPHVKDSHPDWHULDOVDVDUHVXOWRIWKLVZRUNGRHVQRWQHHGWREHFDUULHGRXW
IXUWKHU  %DVHG RQ WKH WHVW FRQGXFWHG RXWOHW VL]H DSSUR[LPDWHO\ HTXDO WR ELQ
VL]HUHTXLUHG LHD IXOO OLYHERWWRPLV UHTXLUHGEHIRUHPDWHULDOGLVFKDUJHV LQ
ZKLFK FDVH LW LV QR ORQJHU FRUH IORZ  7HVWV WR LQYHVWLJDWH WKLV KDYH EHHQ
XQGHUWDNHQ RQ ELQV XS WR P GLDPHWHU WKH TXHVWLRQ LV ZLOO WKLV EHKDYLRXU
FRQWLQXHIXUWKHUDVWKHELQGLDPHWHULVLQFUHDVHG"&OHDUO\WKHUHDUHVLJQLILFDQW
LVVXHVLQYHULI\LQJWKLVH[SHULPHQWDOO\GXHWRWKHTXDQWLW\RIPDWHULDODQGVL]H
RIYHVVHOUHTXLUHG
x 0DVV IORZ WHVW KDYH GHPRQVWUDWHG WKDW WKLV FDQ ZRUN IRU H[WUHPH VKDSH
PDWHULDOV SURYLGHG WKH RXWOHW LV VXIILFLHQWO\ ODUJH ZLWK DQ DSSURSULDWH ZDOO
DQJOH%HFDXVHRIVWUHVVSKRELFQDWXUHRIH[WUHPHVKDSHPDWHULDOVRXWOHWVL]H
UHTXLUHGIRUUHOLDEOHIORZLQFUHDVHVZLWKWKHKHLJKWRIPDWHULDOLQWKHVLORDQG
WKHVWUHVV+RZHYHULWLVDVVXPHGWKDWHYHQWXDOO\WKHRXWOHWVL]HZLOOEHFRPH
 
LQGHSHQGHQW RI EHG KHLJKW HYHQWXDOO\ VWUHVV ZLOO EH VXSSRUWHG E\ ZDOO
IULFWLRQ)XUWKHUZRUNLVUHTXLUHGLQWKLVDUHDEHFDXVHLWFDQZRUNIRUH[WUHPH
VKDSHPDWHULDOVDQGPDNHVDPXFKPRUHHFRQRPLFDOVROXWLRQWKDQDIXOO OLYH
ERWWRP,HVWRUDJHYHVVHOVZLOOUHTXLUHDVPDOOHUFURVVVHFWLRQDODUHDIRUWKH
IHHGHUDQGPDWHULDOZLOOEHVWRUHGYHUWLFDOO\UDWKHUKRUL]RQWDOO\UHTXLULQJOHVV
JURXQGVSDFHSHUTXDQWLW\RIPDWHULDO

x 7KHFRUUHODWLRQEHWZHHQWKHYDOXHRIWKHORZHUOLPLWRIWKHIORZUHJLRQLQWKH
PDVVIORZVLORGLVFKDUJHWHVWGHVFULEHGLQ&KDSWHUDQGWKHWHQVLOHWHVWUHVXOW
LV WKDW WHQVLOH VWUHQJWKRIWHQDSSURDFKDFFXUDWHO\SUHGLFWV WKHVWUHQJWKDW ORZ
EHG KHDGV $W KLJKHU EHG KHDGV WKH WHQVLOH VWUHQJWK VLJQLILFDQWO\ RYHU
HVWLPDWHVWKHVWUHQJWKRIWKHPDWHULDODQGWKHDUFKLQJGLPHQVLRQ7KLVFRXOGEH
GXH WR SDUWLFOH OHQJWK RU SDUWLFOH DVSHFW UDWLR  )RU H[DPSOH VWUDZ SDUWLFOHV
OHQJWKZDVDSSUR[LPDWHO\HTXDOWRWKDWRIWHQVLOHFHOO

&KDUDFWHULVDWLRQ7HVWV
&KDUDFWHULVDWLRQ WHVWV ZHUH FRQGXFWHG RQ H[WUHPH VKDSH PDWHULDOV DQG
SRZGHUVJUDQXOHVZLWKDSSUR[LPDWHO\URXQGHG³HTXDQW´SDUWLFOHV
x $ QRYHO FROXPQ WHVW WHFKQLTXH ZDV GHYHORSHG DW WKH LQLWLDO VWDJH RI WKH
UHVHDUFK7KLVSURYLGHVDTXDOLWDWLYHVFUHHQLQJWHVWWKDWFDQLGHQWLI\ELRPDVV
RUZDVWHPDWHULDOVWKDWH[KLELWQHVWLQJEHKDYLRXUDQGZLOOWKHUHIRUHEHGLIILFXOW
WRKDQGOH,IWKH\DUHWURXEOHVRPHWKHQIXUWKHUWHVWLQJLVUHTXLUHGWRGHVLJQD
VLORWRKDQGOHWKHP,IWKH\GRQRWIRUPDFROXPQWKHQWKHXVHRIFRQYHQWLRQDO
WHFKQLTXH OLNHSRZGHU IORZ WHVWHU FDQEHDSSOLHG 7KHFROXPQ WHVWGRHVQRW
UHTXLUH IXUWKHU ZRUN EHFDXVH LW FDQQRW GLVFULPLQDWH PXFK DPRQJ YDULRXV
H[WUHPHVKDSHPDWHULDOV

x 7KH :ROIVRQ WHQVLOH WHVWHU ZDV DGRSWHG IRU IXUWKHU LQYHVWLJDWLRQV RI WKH
EHKDYLRXUDOWUDLWVRIH[WUHPHVKDSHPDWHULDOV7KHWHQVLOHWHVWHUZDVHPSOR\HG
WRVWXG\WKHWHQVLOHVWUHQJWKRIH[WUHPHVKDSHPDWHULDOV5HVXOWVVXJJHVWWKDW
LI WKH PDWHULDOV KDG D WHQVLOH VWUHQJWK YDOXH LW PHDQV VXFK PDWHULDOV ZLOO EH
WURXEOHVRPH GXULQJ KDQGOLQJ LW UHTXLUHV PDVV IORZ KRSSHU  7R WHVW WKLV
K\SRWKHVLV IXUWKHU D ODUJHU VHULHVRI H[SHULPHQWV  WHQVLOH VWUHQJWK DQGPDVV
 
IORZ DUFKLQJ QHHG WR EH XQGHUWDNHQ WR LQYHVWLJDWH D OLQN EHWZHHQ WHQVLOH
VWUHQJWK DQG RXWOHW VSDQ  )XUWKHU ZRUN LV UHTXLUHG RQ WHQVLOH WHVWHU EHFDXVH
H[SHULPHQWDOLQYHVWLJDWLRQKDVVKRZQWKDWLWKDVWKHSRWHQWLDORIGLVFULPLQDWLQJ
YDULRXVH[WUHPHVKDSHPDWHULDOV+RZHYHULWUHTXLUHVUHHQJLQHHULQJWRPDNH
LWPRUHVRSKLVWLFDWHGVXFKDVDORDGFHOOWRPHDVXUHWHQVLOHIRUFHDVDIXQFWLRQ
RIVHSDUDWLRQGLVWDQFHXSWRWKHSRLQWRIIDLOXUHEHWWHUFRQWURORIWKHPRWLRQRI
WKHFHOOKDOYHVGXULQJVHSDUDWLRQRQHIL[HGKDOIWKHRWKHUKDOIPRXQWHGRQD
PRWRULVHGPDFKLQHVOLGHDQGURXJKHUVXUIDFHVIRUWKHLQVLGHZDOOVRIWKHFHOO
WRSUHYHQWPDWHULDOVOLS

x :ROIVRQ%URRNILHOG 3RZGHU )ORZ 7HVWHU ZDV HPSOR\HG IRU FRPSDUDWLYH
WHVWLQJ EHWZHHQ EXON VROLGV ZLWK DSSUR[LPDWHO\ VSKHULFDO SDUWLFOH VKDSH DQG
H[WUHPHVKDSHPDWHULDOV7KHWHVWVZHUHFRQGXFWHGLQRUGHUWRDVFHUWDLQZK\
FRQYHQWLRQDO VKHDU WHVWHUV JLYHPLVOHDGLQJ UHVXOWVZKHQXVHG WRPHDVXUH WKH
IORZSURSHUWLHVRIH[WUHPHVKDSHPDWHULDOV 5HVXOWVVKRZWKDWH[WUHPHVKDSH
PDWHULDOVKDYHYHU\ ORZEXONGHQVLW\DQG WKH\GRQ¶WVOLGHVKHDUVRVDPSOH
EHFRPHVUHGLVWULEXWHGLQWKHFHOOUDWKHUWKDQVKHDULQJUHJDUGOHVVRIWKHVL]HRI
WKH VKHDU WHVWHU  1R IXUWKHU ZRUN ZDV XQGHUWDNHQ LQ WKLV DUHD DV LW ZDV
FRQVLGHUHGRXWVLGHWKHVFRSHRIWKLVZRUN

x 8QLD[LDO WHVW WHFKQLTXH ZDV FRQGXFWHG WR PHDVXUH WKH XQFRQILQHG \LHOG
VWUHQJWK RI H[WUHPH VKDSH PDWHULDOV  5HVXOWV VKRZ WKDW H[WUHPH VKDSH
PDWHULDOVDUHVWUHVVSKRELF,WPHDQVWKDWWKH\GRQRWOLNHVWUHVVSUHVVXUH7KH
PRUHVWUHVVSXWEHKLQGWKHPWKHPRUHLWLVGLIILFXOWIRUWKHPWRGLVFKDUJHIORZ
IURP WKH VWRUDJH LUUHVSHFWLYH RI EXON GHQVLW\  +RZHYHU ZKHQ PDWHULDO LV
FRPSDFWHG WR FDXVH IDLOXUHIORZ UDWKHU WKDQ H[SDQGLQJ KRUL]RQWDOO\ DQG
IORZLQJ OLNH D FRKHVLYH SRZGHU PDWHULDO FRPSUHVVHV YHUWLFDOO\ DQG JHWV
VWURQJHU DV ILEUHVEHFRPHRULHQWDWHGKRUL]RQWDOO\ DQGPRYHFORVHU WRJHWKHU
)XUWKHU ZRUN LV QRW UHTXLUHG IRU WKLV WHVW EHFDXVH YDULRXV WHVWV KDYH EHHQ
FRQGXFWHGEDVHGRQOLWHUDWXUHUHYLHZDQGH[SHULPHQWDOLQYHVWLJDWLRQVZKLFK
KDVHVWDEOLVKHGWKHIDFWWKDWH[WUHPHVKDSHPDWHULDOVDUHVWUHVVSKRELFDQGWKDW
WKHXQLD[LDOWHVWGRHVQRWGLVFULPLQDWHEHWZHHQWKHP
 
x )RU QRQH[WUHPH VKDSH PDWHULDOV WKH SRZGHU IORZ WHVWHU RWKHU VKHDU WHVWHUV
DQG XQLD[LDO WHVW WHFKQLTXH FDQ EH XVHG IRU WKH FKDUDFWHULVDWLRQ WHVW  )RU
H[WUHPHVKDSHPDWHULDOVELRPDVVPDWHULDOVWHQVLOHWHVWHUFDQEHXVHGIRUWKH
FKDUDFWHULVDWLRQ  :KDW LV UHTXLUHG QRZ LV D FRQVWLWXWLYH PRGHO UHODWLQJ WKH
VWUHQJWK RI WKH PDWHULDO WR WKH VWUHQJWK RI WKH PHFKDQLFDO DUFK VR WKDW
GLVFKDUJH EHKDYLRXU IURP VWRUDJH FDQ EH UHOLDEO\ SUHGLFWHG  7KLV LV ZKHUH
IXUWKHUZRUNVKRXOGEHIRFXVHG

0RGHOOLQJDQG3UHGLFWLQJ$UFKLQJ'LPHQVLRQ
%DVHGRQWKHIORZGDWDJHQHUDWHGVRIDUDVLORWHVWULJZDVGHYHORSHGZKLFKZDVXVHG
LQFRQMXQFWLRQZLWKWKHWHQVLOHWHVWHUIRUWKHFKDUDFWHULVDWLRQDQGVLORGLVFKDUJHWHVWV
RI H[WUHPH VKDSH PDWHULDOV LQ RUGHU WR DFKLHYH PDVV IORZ SDWWHUQ ILUVW LQ ILUVW RXW
IORZVHTXHQFHWKDWLVGHVLUHGLQWKHELRHQHUJ\LQGXVWU\DQGRWKHUSURFHVVLQGXVWULHV
7KH VLOR WHVW ULJKDVEHHQXVHG LQ FRQMXQFWLRQZLWK WKH WHQVLOH WHVWHU WRGR WKHQHZ
VLPXODWLRQ LH H[SHULPHQWDO LQYHVWLJDWLRQ PRGHOOLQJ DQG SUHGLFWLRQ  7KH QHZ
VLPXODWLRQKDVEHHQXVHG WRGHYHORS WKHQHZWKHIDLOXUHFULWHULRQIRUH[WUHPHVKDSH
PDWHULDOV

7KHQRYHOW\LQWKLVZRUNKDVFOHDUO\FRPHIURPWKHDSSOLFDWLRQRIWKHWHQVLOHWHVWLQJ
PHWKRG LQ FRQMXQFWLRQ ZLWK D QHZ IDLOXUH FULWHULRQ IRU H[WUHPH VKDSH PDWHULDOV LQ
PDVV IORZKRSSHU 7KHQRYHOFULWHULRQKDVHQDEOHG IXUWKHUDVVHVVPHQWRI WKHVKDSH
LPSDFWVHIIHFWVRQWKHIORZDELOLW\RIELRPDVVDQGZDVWHPDWHULDOV,WKDVDOVRKHOSWR
GHWHUPLQHWKHVORWRXWOHWZKHUHWKHUHLVVWUHVVUHOLHIRQWKHPDWHULDOVWRHQKDQFHWKHLU
GLVFKDUJH IURP VWRUDJH  7KDW LV WKH UHFRPPHQGHG RXWOHW ZKHUH PDWHULDOV WHQG WR
XQWDQJOHDQGVWDUWGLVFKDUJLQJUHOLDEO\XQGHUJUDYLW\2WKHUHVVHQWLDOGLPHQVLRQVOLNH
ZDOOVORSHDQGSDUWLFOHRULHQWDWLRQVLQVLGHWKHVLORUHTXLUHGWRDFKLHYHPDVVIORZKDYH
EHHQ PHDVXUHG DQG REVHUYHG  +RZHYHU LW FDQ DOVR EH HPSOR\HG WR VXEFODVVLI\
³&ODVV´PDWHULDOVZKLFKDUHH[WUHPHLQVKDSHEHFDXVHWKHUHLVZLGHGLYHUVLILFDWLRQ
LQ &ODVV  PDWHULDOV EDVHG RQ WKH RULJLQ RI WKH PDWHULDOV WUHDWHGXQWUHDWHG ELRPDVV
DQG ZDVWH PDWHULDOV YLVjYLV YLUJLQ ELRPDVV DQG ZDVWH PDWHULDOV UHIXVH GHULYHG
IXHOVROLGGHULYHGIXHOHWF

 
)XUWKHU:RUN6XJJHVWLRQV
'XH WR WKH ZLGH GLYHUVLILFDWLRQ RI H[WUHPH VKDSH PDWHULDOV DQG WKH FRQWLQXRXV
GHYHORSPHQW RI QHZ ELRPDVV IHHGVWRFNV IXUWKHU QRYHO FKDUDFWHULVDWLRQ WHVWV DUH
UHTXLUHG LQ RUGHU WR SURGXFH KROLVWLF IORZ SDUDPHWHUV GDWD WKDW ZLOO EH XVHIXO WR
SURGXFH VLOR GHVLJQ JXLGHOLQHV IRU UHOLDEOH IORZ GLVFKDUJH RI H[WUHPH VKDSH
PDWHULDOVIURPVWRUDJHLUUHVSHFWLYHRIWKHRULJLQRIWKHPDWHULDOVDQGIRUWKHHYDOXDWLRQ
RIWKHH[LVWLQJSODQWV

$NH\UHTXLUHPHQWLVWKHGHWHUPLQDWLRQRIWKHSDUWLFOHPHFKDQLFVWKDWDUHUHVSRQVLEOH
IRUWKHUHVLVWDQFHWRIORZRIWKHH[WUHPHVKDSHPDWHULDOV7KLVFRXOGEHLQYHVWLJDWHG
E\ GHYHORSLQJ D KDOI PRGHO VLOR ZLWK D WUDQVSDUHQW HQG ZDOO IRU YLVXDOLVLQJ WKH
H[WUHPH VKDSH SDUWLFOH SDFNLQJ GXULQJ DUFKLQJ DQG WKH UHODWLYH SDUWLFOH PRYHPHQW
GXULQJ IORZ  &RORXUHG SDUWLFOHV LQ FRPELQDWLRQ ZLWK YLGHRSKRWRJUDSKLF GLJLWDO
LPDJLQJFRXOGEHXVHGWRYLVXDOLVHDQGPHDVXUHWKLV7KHPDWHULDOVWKDWFDQEHXVHG
IRUWKHVHWHVWVVKRXOGEHDPDWHULDOVXFKDVZRRGVKDYLQJVDVWKHILEUHVDUHUHODWLYHO\
VPDOO PP OHQJWK VR WKH\ FDQ EH WHVWHG LQ D UHODWLYHO\ VPDOO PRGHO VLOR 2U DQ\
RWKHUH[WUHPHVKDSHPDWHULDOVWKDWIDOOLQWRWKLVSDUWLFOHVL]H&RPPXQLWLRQPLJKWEH
UHTXLUHGIRUODUJHUSDUWLFOHVWRDFKLHYHVPDOOOHQJWKSDUWLFOHV%HWWHUVWLOOLWFRXOGEH
FRQGXFWHGLQIXOOVFDOHXVLQJODUJHSDUWLFOHVOLNHPPOHQJWKE\ILWWLQJDWUDQVSDUHQW
HQGZDOORQWRWKHSODQHIORZVLORGHOLYHUHGIURPWKLVSURMHFW
7KLVDUHDRIIXUWKHUZRUNZLOOHQDEOHIXUWKHUZD\WR
x ,GHQWLI\WURXEOHVRPHDQGZHOOEHKDYHGH[WUHPHVKDSHPDWHULDOV
x (YDOXDWHWKHLPSDFWRIVWUHVVRQWKHIORZDELOW\RIH[WUHPHVKDSHPDWHULDOV
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0DULQHOOL -RVHSK  ³0DVV IORZ GHVLJQ FRQVLGHUDWLRQV´ 6ROLGV +DQGOLQJ
7HFKQRORJLHV
KWWSZZZVROLGVKDQGOLQJWHFKFRPDVNBMRHBDUWLFOHVDUFKLQJBSDUWBRQHKWP DFFHVVHG
RQ

0DULQHOOL -RVHSK  ³$OO +RSSHUV DUH QRW FUHDWHG HTXDO´ 6ROLGV +DQGOLQJ
7HFKQRORJLHV
KWWSZZZVROLGVKDQGOLQJWHFKFRPDVNBMRHBDUWLFOHVDOOBKRSSHUVBDUHBQRWBFUHDWHGBHT
XDOKWP$FFHVVHGRQ


 
0DULQHOOL-DQG&DUVRQ-:³6ROYH6ROLGV)ORZ3UREOHPVLQ%LQV+RSSHUV
)HHGHUV´-HQLNHDQG-RKDQVRQ7HFKQLFDO3DSHU
KWWSZZZMHQLNHFRP7HFK3DSHUVVROYHVROLGVIORZSUREVSGIDFFHVVHGRQ


2ZRQLNRNR$%UDGOH\ 06$DQG%HUU\5- ³&KDUDFWHULVDWLRQRI([WUHPH
6KDSH 0DWHULDOV %LRPDVV DQG :DVWH 0DWHULDOV´ %XON 6ROLGV (XURSH &RQIHUHQFH
*ODVJRZ6FRWODQG


6FKZHGHV-RUJ5HYLHZRQWHVWHUVIRUPHDVXULQJIORZSURSHUWLHVRIEXONVROLGV
*UDQXODU0DWWHU%DVHGRQDQ,)35,5HSRUW'2,V



6FKXO]H '  )ORZDELOLW\ DQG WLPH FRQVROLGDWLRQ PHDVXUHPHQWV XVLQJ D ULQJ
VKHDUWHVWHU3RZGHUKDQGOLQJDQGSURFHVVLQJ9RO1RSS


7XUNHQEXUJ:LP&:RUOG(QHUJ\$VVHVVPHQW8QLWHG1DWLRQV'HYHORSPHQW
3URJUDPPHDQG:RUOG(QHUJ\&RXQFLO


7KH 5RJHU &RXFK 6WHYHQ : %HOO 7LPRWK\ $  &KDUDFWHULVDWLRQ RI IORZ
SURSHUWLHVRI ORZEXONGHQVLW\PDWHULDOV'HOIW8QLYHUVLW\RI7HFKQRORJ\DQG(,GX
3RQWGH1HPRXUVDQG&RPSDQ\


8QLWHG 1DWLRQV )UDPHZRUN &RQYHQWLRQ RQ &OLPDWH &KDQJH &OHDQ 'HYHORSPHQW
0HFKDQLVP&'0
KWWSXQIFFFLQWN\RWRBSURWRFROPHFKDQLVPVFOHDQBGHYHORSPHQWBPHFKDQLVPLWHPV
SKS$FFHVVHGRQ'HFHPEHU


 
:ROIVRQ &HQWUH KWWSZZZJUHDFXNZROIVRQFHQWUHFRQVXOWDQF\KRSSHUVDQGVLORV 
$FFHVVHGRQ-XO\


:ULJKW +  %XQNHU 'HVLJQ IRU ,URQ 2UHV 3K' 7KHVLV 8QLYHUVLW\ RI %UDGIRUG
8QLWHG.LQJGRP

$SSHQGL[$

$5HVXOWVDQG'LVFXVVLRQRI%LRPDVV&KDUDFWHULVDWLRQ7HVWV
$&ROXPQ7HVW
7KHELRPDVVPDWHULDOV EHKDYHGLIIHUHQWO\ LQVLGH WKH WXEHDV LOOXVWUDWHG LQ FKDSWHU
7KH FKRSSHG PLVFDQWKXV FROXPQ KHLJKW GHFUHDVHV GRZQZDUG DQG UHDFKHV D SRLQW
ZKHUHLWLQFUHDVHVILJXUH$7KLVFRXOGEHGXHWRWKHSDUWLFOHVKDSHDQGVL]HDVZHOO
WKHWXEHGLDPHWHU7KHZHWZRRGFKLSVZHWKDPPHUPLOOHGZRRGKDVDKLJKHUFROXPQ
KHLJKWLQVLGHWKHVPDOOHUWXEHGLDPHWHUEXWGHFUHDVHVGRZQZDUGLQVLGHWKHODUJHWXEH
GLDPHWHU7KLVLVGXHWRWKHPRLVWXUHFRQWHQWRIWKHSDUWLFOHV7KHSDUWLFOHVDUHOLNHO\
WREHHQWDQJOHGDELW7KHKLJKHUWKHFROXPQKHLJKWLQVLGHWKHVPDOOGLDPHWHUWXEHWKH
OLNHO\WKHSDUWLFOHVWREHHQWDQJOHGLQVLGHWKHVWRUDJH7KHGU\ZRRGFKLSGU\KDPPHU
PLOOHGZRRGEHKDYHVYHU\VLPLODUWRWKHFKRSSHGPLVFDQWKXV,WGHFUHDVHVGRZQDQG
ODWHULQFUHDVHVHVSHFLDOO\LQVLGHWKHORQJGLDPHWHUWXEH2YHUDOOLWFDQEHLQIHUUHGWKDW
WKHFKRSSHGPLVFDQWKXVLVOHVVHQWDQJOHDPRQJWKHWKUHHELRPDVVSDUWLFOHVHPSOR\HG
LQWKHH[SHULPHQW7KHKLJKHUWKHFROXPQKHLJKWRIDQ\PDWHULDOLQVLGHWKHWXEHWKH
OLNHO\WKHPDWHULDOZLOOQHVWDQGHQWDQJOHWRHDFKRWKHUDQGGLIILFXOWWRGLVFKDUJHLQVLGH
WKHVWRUDJHELQ7KHIRXUWKELRPDVVPDWHULDOZKLFKLVJURXQGSDOPNHUQHOQXWGLGQRW
IRUPDQ\FROXPQDWDOO,WRQO\IRUPHGDQJOHRIUHSRVH7KLVNLQGRIPDWHULDOFDQEH
FKDUDFWHULVHG XVLQJ VKHDU FHOO $OVR VKUHGGHG SDSHU GLG QRW IORZ 1R FROXPQ
SURWUXGHGRXWRIWKHWXEHEHFDXVHRIWKHKLJKDVSHFWUDWLRRIWKHPDWHULDOV7KDWLVZK\
ERWKJURXQGSDOPNHUQHOQXWDQGVKUHGGHGSDSHUDUHQRWUHIOHFWLQJLQWKHJUDSKEHORZ
*URXQGSDOPNHUQHOQXWELRPDVVPDWHULDOFRXOGEHWHVWHGLQVLGHWKHVKHDUWHVWHUDQG
JLYHUHOLDEOHGHVLJQGDWD





 
$IWHU DUFKLQJ DW EHG KHLJKW PP WKH SDUWLFOHV VWDUW UDWKROLQJ DW PP RXWOHW
GLDPHWHULQWKHILUVWWHVWFRQGXFWHGDQGPPRXWOHWGLDPHWHULQWKHVXEVHTXHQWWHVWV
WR PP RXWOHW GLDPHWHU ZKLFK LV WKH PD[LPXP RXWOHW GLPHQVLRQ XVHG )LYH WHVWV
ZHUH UXQ RQ HDFK RXWOHW GLDPHWHU 7KH SDUWLFOHV GLG QRW UDWKROH DW DOO DW PP
PP DQG PP RXWOHW GLDPHWHUV ZKDW LW GRHV ZDV DUFKLQJEULGJLQJ RYHU WKH
HQWLUHRXWOHW DUHD$OVR WHVW  WR WHVW GLGQRW UDWKROH DW PPDQG IRUPHGDELJ
PDVVRI LQWHUORFNHGSDUWLFOHVRYHU WKHRXWOHW DUHD$OO UDWKROHV IRUPDWLRQDW WKLVEHG
KHDGZHUHJHQHUDWHGDIWHUKDPPHULQJ WKHELQ LH DIWHUEDVKLQJ WKHELQZLWK UXEEHU
KDPPHU7KHUHZDVQR IORZDWDOOZKHWKHUZLWKRUZLWKRXW VPDOOODUJHKDQJXSRQ
WKHREVWUXFWLRQ7KHRQO\RFFXUUHQFHZDVDUFKLQJDQGUDWKROLQJ

)LJXUH$5DWKROHIRUPDWLRQDIWHUEDVKLQJWKHELQZLWKUXEEHUKDPPHUDW%HG+HLJKW
PP
7KHEHKDYLRXUDOWUDLWVRIWKHSDUWLFOHVDWEHGKHLJKWPPLVDOLWWOHELWVLPLODUZKHQ
WKHDWEHGKHLJKWPP7KHVLPLODULWLHVLVWKDWDIWHUDUFKLQJEULGJLQJ WKHSDUWLFOHV
VWDUW  UDWKROLQJDW PPRXWOHW GLDPHWHUEXW WKLV WLPH LWZDVERWK ILUVW DQG VHFRQG
WHVWVWKDWUDWKROHGDWPP7HVWWRWHVWGLGQRWUDWKROHDWPP+RZHYHUDW
PPPPDQGPPRXWOHWGLDPHWHUVWKHSDUWLFOHVRQO\IRUPHGPHFKDQLFDO
DUFK ZKHUHE\ WKH SDUWLFOHV LQWHUORFN DQG QR UDWKROH ZDV IRUPHG DW DOO 7KH IORZ
SDUDPHWHUVREWDLQHG IRU WKH UDWKROHPHDVXUHPHQWV DUH VLJQLILFDQWO\ ODUJHU WKDQZKDW
REWDLQHGDW%HG+HLJKWPP$OVRWKHUHZDVGLVFKDUJHDWPPRXWOHWGLDPHWHUV
IRU7HVWDQGEXWWKHIORZZDVZLWKODUJHKDQJXSRQWKHREVWUXFWLRQ7KLVFRXOG
EHHIIHFWVRIWKHEHGKHLJKWEHFDXVHWKHYHUWLFDOVWUHVVįYDFWLQJRQWKHRXWOHWULQJVLV
OHVV FRPSDUH WR YHUWLFDO VWUHVV DFWLQJ DW %HG +HLJKW PP $OVR WKH ODWHUDO VWUHVV
DFWLQJ RQ ERWK VLGHV RI WKH F\OLQGHU ³VLOR´ LV OHVV WR ³$W %HG +HLJKW PP´ ,W
VKRZV WKDW WKH GLIIHUHQFH RI PP EHWZHHQ WKH WZR %HG +HLJKWV LV HQRUPRXV

 
PPRXWOHWGLDPHWHUV$OOUDWKROHVIRUPDWLRQDWWKLVEHGKHDGZHUHJHQHUDWHGDIWHU
KDPPHULQJWKHELQLHDIWHUEDVKLQJWKHELQZLWKUXEEHUKDPPHUZKLFKLVVLPLODUWR
ZKDWH[SHULHQFHGLQZRRGFKLSVDW WKHVDPHEHGKHDGKHLJKW1RGLVFKDUJHIORZDW
DOO H[FHSW DUFKLQJ DQG UDWKROLQJ IRUPDWLRQV 7KH NH\ GLIIHUHQFH EHWZHHQ WKH WZR
SDUWLFOHV LV WKH GLVWULEXWLRQ RI UDWKROH IRUPDWLRQ GDWD :RRGFKLSV VWDUWV UDWKROLQJ DW
HDUO\ VWDJH PP RXWOHW GLDPHWHU ZKLOH FKRSSHG PLVFDQWKXV VWDUWV UDWKROLQJ DW
PPRXWOHWGLDPHWHU7KHVHFKDUDFWHULVWLFVFRXOGEHGXH WR WKHLUYDULRXV LQKHUHQW
PRLVWXUH FRQWHQWV 7KH PRLVWXUH FRQWHQW RI FKRSSHG PLVFDQWKXV LV OHVV WKDQ
ZRRGFKLS¶V PRLVWXUH FRQWHQW 7KH DPRXQW RI HQHUJ\ UHTXLUHG WR JHQHUDWH UDWKROH
GXULQJWKHKDPPHULQJRIWKHELQLVHQRUPRXVIRUFKRSSHGPLVFDQWKXV
:KHQWKHSDUWLFOHVZHUHDWEHGKHLJKWPPWKH\EHKDYHGLIIHUHQWO\7KHIRUPDWLRQ
RI UDWKROHV ZDV D PL[WXUH RI ³DIWHU KDPPHULQJ´ DQG ³EHIRUH KDPPHULQJ´ 7KH ILUVW
UDWKROHIRUPHGDWPPRXWOHWGLDPHWHUDIWHUKDPPHULQJWKHELQGXULQJWKHILUVWWHVW
ZKHUHDV LQ WKH VHFRQG WHVW WZR UDWKROHVZHUH IRUPHGDWPPDQGPPRXWOHW
GLDPHWHUVZLWKRXWKDPPHULQJWKHELQF\OLQGHU6XEVHTXHQW WHVWVUGDQGWK WHVWV
IRUPHG UDWKROH DW PP DIWHU KDPPHULQJ WKH ELQ 7KH ODVW WHVW WK WHVW UDWKROHG
ZLWKRXW KDPPHULQJ WKH ELQ 7KHUH ZDV DUFK IRUPDWLRQ RQO\ DW PP PP
PP PP PP PP PP PP RXWOHW GLDPHWHUV H[FHSW LQ WKH
VHFRQG WHVW ZKHUH DUFKLQJ DQG UDWKROLQJ IRUPHG DW PP DQG PP RXWOHWV
UHVSHFWLYHO\
7KHSDUWLFOHVH[KLELWWKUHHWUDQVLWLRQDOEHKDYLRXUDUFKLQJUDWKROLQJDQGGLVFKDUJHDW
%HG +HLJKW PP 7KRXJK WKH GLVFKDUJH IORZ ZDV ZLWK VPDOO KDQJXS RQ WKH
REVWUXFWLRQ DW PP DQG PP RXWOHW GLDPHWHUV 7KLV LV VLPLODU WR ZRRGFKLSV
EHKDYLRXUDWWKHVDPHEHGKHLJKW,QWKHILUVWVHFRQGDQGWKLUGWHVWVWKHSDUWLFOHVDUFK
DW PP PP PP DQG PP RXWOHW GLDPHWHUV DQG VWDUW UDWKROLQJ DW
PP PP PP PP DQG PP RXWOHW GLDPHWHUV ,Q WKH IRXUWK WHVW
SDUWLFOHVVWDUWUDWKROLQJDWPPRXWOHWGLDPHWHUDQGLQWKHILIWKWHVWUDWKROLQJVWDUWV
DWPPRXWOHWGLDPHWHU$OOUDWKROHVIRUPDWLRQZDVVHOIJHQHUDWHGLHZLWKRXWELQ
KDPPHULQJ




 
DQGPPRXWOHWGLDPHWHUV7KHNH\GLIIHUHQFHLVWKDWGXULQJWKHIRXUWKWHVWDOOWKH
UDWKROHV IRUPHG ZHUH VHOIJHQHUDWHG ZLWKRXW KDPPHULQJ WKH ELQ $OVR WKHUH ZDV
GLVFKDUJH ZLWKRXW KDPPHULQJ EXW ZLWK VPDOO KDQJXS RQ WKH REVWUXFWLRQ DW PP
DQGPPRXWOHWGLDPHWHUV7KHILIWKWHVWEHKDYHVVLPLODUZLWKWKHILUVWWZRWHVWVEXW
ZLWKGLIIHUHQWILOOLQJPHWKRG7KHELQZDVGXPSILOOHGLQWKHILIWKWHVW,WUDWKROHVDIWHU
KDPPHULQJWKHELQDWPPRXWOHWGLDPHWHU7KHUHZDVGLVFKDUJHZLWKVPDOOKDQJ
XS RQ WKH REVWUXFWLRQ DIWHU FRQWLQXRXV KDPPHULQJ WKH ELQ 0HFKDQLFDO DUFK ZDV
IRUPHGDWPPRXWOHWGLDPHWHUV7KHFRPPRQOLQNDPRQJWKHILYHWHVWVLVWKDWDOO
IRUPHG PHFKDQLFDO DUFK DW PP RXWOHW GLDPHWHU DOO UDWKROH DQG GLVFKDUJH
HUUDWLFDOO\ DW PPRXWOHW GLDPHWHU*HQHUDOO\ ³$W %HG+HLJKW PP´ LW FDQEH
LQIHUUHGWKDWILOOLQJPHWKRGKDVHIIHFWRQWKHIORZDELOLW\RIZRRGFKLSVZKHQWKHELQ
ZDV GXPSILOOHG LQ WKH WKLUG DQG IRXUWK WHVWV UDWKROH ZDV IRUPHG DW PP RXWOHW
GLDPHWHUVZKHUHDV LW GLGQRW UDWKROH DW PPRXWOHW GLDPHWHU LQ WKH ILUVW WZR WHVWV
ZKHQWKHSDUWLFOHVZDVOHYHOOHGDIWHUGXPSILOOHGLQWKHELQ
7KHILUVWWKUHHWHVWVZHUHILOOHGE\³GXPSILOOHGOHYHOOLQJ´PHWKRGZKLOHWKHODVWWZR
WHVWV ZHUH ILOOHG E\ ³GXPSILOOHG´ PHWKRG DW EHG KHLJKW PP $OO WKH ILYH WHVWV
JHQHUDWHUDWKROHV$WPPRXWOHWGLDPHWHUDOOUDWKROHVIRUPHGZLWKRXWKDPPHULQJ
WKHELQ$WPPRXWOHWGLDPHWHU WKHUDWKROHV IRUPHGDIWHUELQKDPPHULQJ ,Q WKH
ILUVW WHVW WKHUH ZDV QR GLVFKDUJH IORZIDLOXUH DW PP RXWOHW GLDPHWHUV 7KH
SDUWLFOHV RQO\ DUFK DQG ODWHU UDWKROH ZLWKRXW ELQ KDPPHULQJ $W PP RXWOHW
GLDPHWHU WKHUH ZDV IORZGLVFKDUJH ZLWK VPDOO KDQJXS RQ WKH REVWUXFWLRQ DIWHU
FRQWLQXRXV ELQ KDPPHULQJ ,Q WKH VHFRQG WHVW DW PP RXWOHW GLDPHWHU LW UDWKROH
DQGGLVFKDUJHIORZZLWKELJKDQJXSRQWKHREVWUXFWLRQZLWKRXWELQKDPPHULQJ$W
PP RXWOHW GLDPHWHU LW UDWKROHV DQG GLVFKDUJH ZLWK VPDOO KDQJXS RQ WKH
REVWUXFWLRQ DIWHU FRQWLQXRXV ELQ KDPPHULQJ ,Q WKH WKLUG WHVW WKH SDUWLFOHV EHKDYH
VLPLODUO\LQWKHELQZLWKWKHVHFRQGWHVWH[FHSWUDWKROHSDUDPHWHUVGLIIHUHQFHV,QWKH
IRXUWKDQGILIWKWHVWVWKHSDUWLFOHVEHKDYHH[DFWO\WKHVDPHLQWKHELQZLWKVHFRQGDQG
WKLUG WHVWV H[FHSW ILOOLQJ PHWKRGV DQG UDWKROH SDUDPHWHUV GLIIHUHQFHV 2YHUDOO WKH
SDUWLFOHV UDWKROH DQG IORZGLVFKDUJH RXW RI WKH ELQ ZLWK VPDOO KDQJXS RQ WKH
REVWUXFWLRQ DIWHU FRQWLQXRXV ELQ KDPPHULQJ LQ DOO WKH ILYH WHVWV DW PP RXWOHW
GLDPHWHU)LOOLQJPHWKRGVYDULDELOLW\DWWKLVEHGKHDGGRHVQRWKDYHVLJQLILFDQWHIIHFW
RQWKHIORZEHKDYLRXURIWKHSDUWLFOHV
 
3DUWLFOHV EHKDYH EHWWHU DW EHG KHLJKW PP ,Q DOO WKH ILYH WHVWV FRQGXFWHG DOO
UDWKROHV ZHUH VHOIJHQHUDWHG ZLWKRXW KDPPHULQJ WKH ELQ H[FHSW LQ WKH ILUVW WHVW DW
PP RXWOHW GLDPHWHU ZKHUH IXUWKHU UDWKROLQJ ZDV JHQHUDWHG YLD ELQ KDPPHULQJ
7KHUHZDVPL[WXUHRIGLVFKDUJHIORZZLWKVPDOODQGELJKDQJXSRQWKHREVWUXFWLRQLQ
DOOWKHILYHWHVWV1RPHFKDQLFDODUFKLQJIRUPDWLRQLQDOOWKHWHVWVH[FHSWUDWKROLQJDQG
GLVFKDUJH7KHILUVWWKUHHWHVWVZDV³GXPSILOOHGOHYHOOLQJ´ILOOLQJPHWKRG,QWKHILUVW
WHVW WKHUH ZDV IORZ ZLWK VPDOO KDQJXS RQ WKH REVWUXFWLRQ DIWHU FRQWLQXRXV ELQ
KDPPHULQJ DW PPDQGPPRXWOHW GLDPHWHUV UHVSHFWLYHO\ ,Q WKH VHFRQG WHVW
WKHSDUWLFOHVEHKDYHH[DFWO\LQWKHVDPHPDQQHULQWKHELQDVLQILUVWWHVWZLWKWKHVDPH
UDWKROH SDUDPHWHUV UDWKROH GDWD DUH UHSHDWDEOH DW WKLV VWDJH ,Q WKH WKLUG WHVW WKHUH
ZDV IORZ ZLWK ELJ KDQJXS RQ WKH REVWUXFWLRQ ZLWKRXW ELQ KDPPHULQJ DW PP
RXWOHW GLDPHWHUV $W PP RXWOHW GLDPHWHU WKLUG WHVW WKHUH ZDV IORZ DV ZHOO EXW
ZLWKVPDOOKDQJXSRQWKHREVWUXFWLRQDIWHUFRQWLQXRXVELQKDPPHULQJ7KHODVWWZR
WHVWV LH WK DQG WK WHVWV ZHUH ILOOHG E\ ³GXPSILOOHG´ ILOOLQJ PHWKRG 7KH\
IORZGLVFKDUJHVLPLODUO\H[FHSWUDWKROHSDUDPHWHUVZKLFKLVVOLJKWO\GLIIHUHQW,QERWK
WHVWVWKDQGWKWHVWVDWPPDQGPPRXWOHWGLDPHWHUVWKDQGWKWHVWVWKHUH
ZDVIORZGLVFKDUJHZLWKRXWELQKDPPHULQJEXWZLWKVPDOOKDQJXSRQWKHREVWUXFWLRQ
7KLVNLQGRIEHKDYLRXUDOWUDLWGLVSOD\HGKHUHLVEHWWHUWKDQZKDWH[SHULHQFHGLQRWKHU
EHGKHDGVDQGLQWKHILUVWULQJ)LOOLQJPHWKRGKDVVLJQLILFDQWHIIHFWDWWKLVEHGKHDG
,Q WKH ODVW WZR WHVWV WK DQG WK WHVWV ZKHQ WKH ELQ ZDV GXPSILOOHG WKH IORZ
GLVSOD\HG LQVLGH WKHELQZDVZLWKRXWELQKDPPHULQJZKHUHDV LQ WKH ILUVW WKUHH WHVWV
VWQGDQGUGWHVWVWKHIORZGLVSOD\HGLQVLGHWKHELQZDVZLWKDPL[WXUHRI³EHIRUH
ELQKDPPHULQJDQGDIWHUELQKDPPHULQJ´









 
KDQJXS RQ WKH REVWUXFWLRQ DIWHU FRQWLQXRXV ELQ KDPPHULQJ $W PP RXWOHW
GLDPHWHUQGWHVWWKHSDUWLFOHVUDWKROHLQVLGHWKHELQDIWHUELQKDPPHULQJDQGIORZ
ZLWK VPDOO KDQJXSRQ WKHREVWUXFWLRQDIWHU FRQWLQXRXVELQKDPPHULQJ ,Q WKH WKLUG
WHVW WKH SDUWLFOHV EHKDYH LQ WKH ELQ H[DFWO\ WKH VDPH ZLWK WKH VHFRQG WHVW H[FHSW
UDWKROH SDUDPHWHUV GLIIHUHQFH DW PP RXWOHW GLDPHWHU %RWK IRXUWK DQG ILIWK WHVWV
WKDQGWKWHVWVEHKDYHLQWKHVDPHPDQQHUH[FHSWUDWKROHSDUDPHWHUVGLIIHUHQFHDW
PPRXWOHWGLDPHWHU$WPPRXWOHWGLDPHWHUVWKDQGWK WHVWVSDUWLFOHVRQO\
DUFKZLWKRXWUDWKROHIRUPDWLRQDQGIORZZLWKVPDOOKDQJXSRQWKHREVWUXFWLRQDIWHU
FRQWLQXRXVELQKDPPHULQJ7KHUHZDVUDWKROHIRUPDWLRQDQGIORZZLWKVPDOOKDQJXS
RQ WKH REVWUXFWLRQ DIWHU FRQWLQXRXV ELQ KDPPHULQJ DW PP RXWOHW GLDPHWHU 7KH
HIIHFW RI EHG KHDG LV SURQRXQFHG FRPSDUHG WR WKH UHVXOWV JRWWHQ ³$W PP %HG
+HLJKW´ 3DUWLFOHV DUH GHDG WKURXJKRXW WKH ILYH WHVWV FRQGXFWHG ³$W PP %HG
+HLJKW´ HYHQ DIWHU FRQWLQXRXV ELQ KDPPHULQJ  $W WKLV EHG KHDG LH PP %HG
+HLJKWSDUWLFOHVEHKDYHEHWWHULQVLGHWKHELQ7KHWKUHHIORZSKDVHVWUDQVLWLRQDUFK
UDWKROH DQG GLVFKDUJH ZHUH H[SHULHQFHG $OWKRXJK WKH GLVFKDUJH ZDV HUUDWLF DQG
XQUHOLDEOH 9DULDWLRQ LQ ILOOLQJ PHWKRGV GRHV QRW KDYH VLJQLILFDQW HIIHFW RQ WKH
IORZDELOLW\LQWKHILYHWHVWV3DUWLFOHVEHKDYHVLPLODULQWKHELQZKHQGXPSILOOHGDQG
GXPSILOOHGOHYHOOHG

7KHSDUWLFOHVVHHPVWREHKDYHEHWWHUDWEHGKHLJKWPPLQVLGHWKHELQLQDOOWKHILYH
WHVWV FRQGXFWHG EHFDXVH DOO WKH UDWKROHV DQG IORZ JHQHUDWHG ZHUH ZLWKRXW ELQ
KDPPHULQJ ZKLFK LV D JRRG EHKDYLRXUDO WUDLW $OVR UDWKROH GDWD SDUDPHWHUV DUH
ODUJHUWKDQZKDWSUHYLRXVO\REWDLQHGIURPKLJKHUEHGKHDGVZKLFKLVDQLQGLFDWLRQWR
UHOLDEOH GLVFKDUJHIORZ 7KH ILUVW WZR WHVWV VW DQG QG 7HVWV ZHUH GXPSILOOHG
OHYHOOHGDQGEHKDYHYHU\VLPLODULQWKHVHQVHWKDWWKH\UDWKROHDWPPDQGPP
RXWOHW GLDPHWHUV $W PP DQG PP RXWOHW GLDPHWHUV VW DQG QG 7HVWV WKH
UDWKROH SDUDPHWHUV LV UHSHDWDEOH DQG WKHUH ZDV IORZ ZLWK VPDOO KDQJXS RQ WKH
REVWUXFWLRQZLWKRXWELQKDPPHULQJ ,Q WKH ODVW WKUHH WHVWV UGWK DQGWK WHVWV WKH
ILOOLQJPHWKRGHPSOR\HGZDV³GXPSILOOHG´ILOOLQJDSSURDFK$WPPDQGPP
RXWOHW GLDPHWHUV UG WK DQG WK WHVWV SDUWLFOHV UDWKROH LQVLGH WKH ELQ ZLWKRXW ELQ
KDPPHULQJ




 
LQ WKH KRSSHU 1R KRSSHUELQ KDPPHULQJ 7KLV LV WKH GHVLUHG EHKDYLRXU WKDW WKH
UHVHDUFK SURMHFW WDUJHWHG DW ,Q WKH VHFRQG WKLUG DQG IRXUWK WHVWV PDWHULDOV IORZ
ZLWKRXW KRSSHU KDPPHULQJ EXW ZLWK VPDOO KDQJXS LQ WKH KRSSHU ILJXUH $ 1R
UDWKROHDQGDUFKIRUPDWLRQVLQWKHELQ,QWKHWKLUGWHVWWKHVPDOOKDQJXSZDVRQWKH
ERWKVLGHVRIWKHKRSSHUILJXUH$


)LJXUH $ )ORZ ZLWK VPDOO KDQJXSV RQ ERWK VLGHV RI WKH KRSSHU 8QUHOLDEOH
GLVFKDUJH
 
)LJXUH$)ORZZLWKKDQJXSVLQVLGHWKHKRSSHU8QUHOLDEOHGLVFKDUJH

7KHPDWHULDOVEHKDYHLQWKHVDPHPDQQHULQDOOWKHILYHWHVWVFRQGXFWHGDWEHGKHLJKW
PP1RUDWKROHDQGDUFKIRUPDWLRQV7KHPDWHULDOVIORZZLWKVPDOOKDQJXSLQWKH
KRSSHU7KLVW\SHRIIORZLVXQGHVLUHG

,QWKHILUVWWHVWWKHSDUWLFOHVIORZGLVFKDUJHUHOLDEO\ZLWKRXWDUFKLQJDQGUDWKROLQJDW
EHG KHLJKW PP ,Q WKH VHFRQG DQG ILIWK WHVWV WKH SDUWLFOHV EHKDYH LQ WKH VDPH
PDQQHUQRDUFKLQJDQGUDWKROLQJ7KH\SDUWLFOHVIORZXQUHOLDEO\EHFDXVHWKHUHZDV
VPDOO KDQJXS LQVLGH WKH KRSSHU ,Q WKH WKLUG WHVW WKH SDUWLFOHV IRUPHG ORQJ VSDQ
PHFKDQLFDO DUFK ZLWKRXW UDWKROLQJ 7KHUH ZDV IORZ DIWHU FRQWLQXRXV KRSSHU
KDPPHULQJ,QWKHIRXUWKWHVWWKHSDUWLFOHVVWDUWLQJDUFKLQJDQGODWHUUDWKROHZLWKRXW
UHOLDEOH GLVFKDUJH 7KH UDWKROH JHQHUDWHG ZLWKRXW KRSSHU KDPPHULQJ 7KHUH ZDV
 
GLVFKDUJHIORZ DIWHU FRQWLQXRXV KRSSHU KDPPHULQJ 7KLV LV XQGHVLUHG EHKDYLRXUDO
WUDLW
 
)LJXUH$)ORZZLWKUDWKROHLQVLGHWKHKRSSHU8QUHOLDEOHGLVFKDUJH
 
)LJXUH$)ORZZLWKPHFKDQLFDODUFKDERYHKRSSHURXWOHW8QUHOLDEOHGLVFKDUJH

,QWKHILUVWWHVWDWEHGKHLJKWPPWKHSDUWLFOHVIORZGLVFKDUJHZLWKVPDOOKDQJXS
LQVLGHWKHKRSSHUZLWKRXWUDWKROHDQGPHFKDQLFDODUFKIRUPDWLRQILJXUH$%RWK
VHFRQG DQG WKLUG WHVWV EHKDYH H[DFWO\ WKH VDPH SDUWLFOHV IORZ DIWHU VPDOO KRSSHU
KDPPHULQJ7KHUHZDVPHFKDQLFDODUFK IRUPDWLRQZLWKRXW UDWKROH IRUPDWLRQ ,Q WKH
IRXUWK WHVW WKH SDUWLFOHV DUFK DQG UDWKROH LQVLGH WKH KRSSHU ZLWKRXW KRSSHU
KDPPHULQJ 7KH SDUWLFOHV IORZ XQUHOLDEO\ EHFDXVH WKHUH ZDV IORZGLVFKDUJH DIWHU
VPDOOKDPPHULQJRQ WKHKRSSHU ,Q WKHILIWK WHVW WKHSDUWLFOHVDUFKDQGUDWKROHDIWHU
KDPPHULQJ WKH KRSSHU ZLWK UXEEHU KDPPHU 7KHUH ZDV IORZGLVFKDUJH DIWHU VPDOO
KDPPHULQJRQWKHKRSSHU5DWKROHSDUDPHWHUVLQIRXUWKDQGILIWKWHVWVDUHPPDQG
PPUHVSHFWLYHO\DQGDUHVLJQLILFDQWO\GLIIHUHQW

$2Q&KRSSHG0LVFDQWKXVDW2XWOHW'LPHQVLRQPP:LGWK/HQJWK
&KRSSHG0LVFDQWKXVVHHPVWREHPRUHWURXEOHVRPHEHFDXVHRI WKHFKDUDFWHULVWLFVLW
GLVSOD\HG LQVLGH WKH KRSSHU DW PP ZLGWK PP OHQJWK RXWOHW GLPHQVLRQ DQG
YDULRXVEHGKHDGV7KHZDOOVWHHSDQJOHZDVVHWXSDW

 
3DUWLFOHVEHKDYHH[DFWO\WKHVDPHLQVLGHWKHKRSSHULQDOOWKHILYHWHVWVFRQGXFWHGDW
EHGKHLJKWPP%HIRUHDQGDIWHUKDPPHULQJWKHKRSSHUZLWKUXEEHUKDPPHUORQJ
VSDQPHFKDQLFDODUFKZDVIRUPHGZLWKRXWSDUWLFOHVUDWKROLQJDQGGLVFKDUJLQJ+RSSHU
ZDVHPSWLHGE\FRQWLQXRXVSRNLQJ WKHSDUWLFOHVEHGKHDGZLWK³VZHHSHUEUXVKURG´
DQG FRQWLQXRXV KRSSHU KDPPHULQJ 7KH SDUWLFOHV ZHUH GHDG LQVLGH WKH KRSSHU $W
RWKHUEHGKHLJKWVLHDQGPPSDUWLFOHVEHKDYHH[DFWO\WKHVDPHDVLQ
EHGKHLJKWPP

$2Q:RRGFKLSVDW2XWOHW'LPHQVLRQPP:LGWKPP/HQJWK
:RRGFKLSVEHKDYHPRUHUHOLDEO\DWPP:PP/WKDQDWPP:PP/
7KHSDUWLFOHVGLVFKDUJHUHOLDEO\QHDUO\LQDOOWKHIRXUEHGKHDGVH[FHSWDWPPEHG
KHDGZKHUHSDUWLFOHVGLVFKDUJHUHOLDEO\DQGXQUHOLDEO\7KHVWHHSZDOODQJOHZDV
,QDOO WKHILYHWHVWVFRQGXFWHGDWEHGKHLJKWPPWKHSDUWLFOHVGLVFKDUJHUHOLDEO\
7KHUHZDVQRDUFKDQGUDWKROHIRUPDWLRQ7KHSDUWLFOHVGLVFKDUJHXQGHUJUDYLW\7KH
ILUVW WKLUG IRXUWKDQG ILIWK WHVWVEHKDYHH[DFWO\ WKHVDPHDWEHGKHLJKWPP WKH
SDUWLFOHVGLVFKDUJH UHOLDEO\1RDUFKDQG UDWKROH IRUPDWLRQ ,Q WKHVHFRQG WHVW WKHUH
ZDVXQUHOLDEOHGLVFKDUJHEHFDXVHWKHGLVFKDUJHIORZZDVZLWKVPDOOSDUWLFOHVKDQJXS
LQVLGHWKHKRSSHU1RUDWKROHDQGDUFKIRUPDWLRQ$WEHGKHLJKWPPWKHSDUWLFOHV
EHKDYHH[DFWO\ WKH VDPHDV LQEHGKHLJKWPP7KHUHZDV UHOLDEOHGLVFKDUJHQR
UDWKROHDQGQRDUFKLQDOOWKHILYHWHVWVFRQGXFWHG

)LUVWIRXUWKDQGILIWKWHVWVDWEHGKHLJKWPPDOOEHKDYHLQWKHVDPHPDQQHUDVLQ
EHG KHLJKW PP 7KHUH ZDV UHOLDEOH GLVFKDUJH QR UDWKROH DQG QR DUFK ,Q WKH
VHFRQG WHVW WKH SDUWLFOHV IORZ ZLWK VPDOO SDUWLFOHV KDQJXS LQVLGH WKH KRSSHU 1R
UDWKROHDQGDUFKIRUPDWLRQ ,Q WKH WKLUG WHVW WKHUHZDVQRIORZQRUDWKROHEXW WKHUH
ZDV ODUJH VSDQ PHFKDQLFDO DUFK $IWHU FRQWLQXRXV KRSSHU KDPPHULQJ WKHUH ZDV
HUUDWLF IORZ ,W ZDV HUUDWLF EHFDXVH WKH IORZ ZDV ZLWK ELJ VXP RI SDUWLFOHV KDQJXS
LQVLGHWKHKRSSHUDVVKRZQLQWKHILJXUH$EHORZ
 
 
)LJXUH$)ORZZLWKKDQJXSLQVLGHWKHKRSSHU8QUHOLDEOHGLVFKDUJH
$2Q&KRSSHG0LVFDQWKXVDW2XWOHW'LPHQVLRQ
PP:LGWKPP/HQJWK
&KRSSHG 0LVFDQWKXV VHHPV WR EH WURXEOHVRPH FRPSDUHG WR UHVXOWV REWDLQHG IRU
ZRRGFKLSV DW WKH VDPH RXWOHW GLPHQVLRQ 7KH IROORZLQJ REVHUYDWLRQV ZHUH PDGH DW
GLIIHUHQWEHGKHDGV7KHVWHHSZDOODQJOHZDV

,QWKHILUVWVHFRQGWKLUGDQGILIWKWHVWVDWEHGKHLJKWPPWKHSDUWLFOHVZHUHGHDG
LQVLGH WKH KRSSHU D ODUJH VSDQ PHFKDQLFDO DUFK ZDV IRUPHG RYHU WKH HQWLUH RXWOHW
7KHUH ZDV QR UDWKROH DQG QR IORZ HYHQ DIWHU KRSSHU KDPPHULQJ 7KH KRSSHU ZDV
GUDLQHGE\SRNLQJ WKHSDUWLFOHVEHGZLWK³VZHHSHUEUXVK URG´FRQWLQXRXVO\FRXSOHG
ZLWK KRSSHU KDPPHULQJ ,Q WKH IRXUWK WHVW SDUWLFOHV GLG QRW UDWKROH EXW WKHUH ZDV
GLVFKDUJHIORZ7KH IORZZDVZLWK VPDOO SDUWLFOHVKDQJXS LQVLGH WKHKRSSHUZKLFK
PDNHVWKHIORZWREHHUUDWLF

,Q WKH ILUVW WKUHH WHVWV DW EHG KHLJKW PP WKH SDUWLFOHV EHKDYH H[DFWO\ LQVLGH WKH
KRSSHUQRUDWKROHIRUPDWLRQWKHUHZDVIORZZLWKVPDOOSDUWLFOHVKDQJXSLQVLGHWKH
KRSSHU ,Q WKH ODVW WZR WHVWV WKHSDUWLFOHVZHUHGHDG LQVLGH WKHKRSSHUD ODUJHVSDQ
PHFKDQLFDODUFKZDVIRUPHGRYHUWKHHQWLUHRXWOHW7KHUHZDVQRUDWKROHDQGQRIORZ
HYHQ DIWHU KRSSHU KDPPHULQJ 7KH KRSSHU ZDV GUDLQHG E\ SRNLQJ WKH SDUWLFOHV EHG
ZLWK³VZHHSHUEUXVKURG´FRQWLQXRXVO\FRXSOHGZLWKKRSSHUKDPPHULQJ
,QDOOWKHILYHWHVWVFRQGXFWHGDWEHGKHLJKWPPDQGPPWKHSDUWLFOHVZHUH
GHDG LQVLGH WKH KRSSHU D ODUJH VSDQ PHFKDQLFDO DUFK ZDV IRUPHG RYHU WKH HQWLUH
RXWOHW7KHUHZDVQRUDWKROHDQGQRIORZHYHQDIWHUKRSSHUYLEUDWLRQ7KHKRSSHUZDV
GUDLQHGE\SRNLQJ WKHSDUWLFOHVEHGZLWK³VZHHSHUEUXVK URG´FRQWLQXRXVO\FRXSOHG
ZLWKKRSSHUKDPPHULQJ7KLVNLQGRIEHKDYLRXUDOWUDLWLVXQGHVLUHG

 
$2Q:RRGFKLSVDW2XWOHW'LPHQVLRQPP:LGWKPP/HQJWK
:RRGFKLSV EHKDYH H[WUHPHO\ EHWWHU DW WKLV RXWOHW GLPHQVLRQ  7KHUH ZDV UHOLDEOH
GLVFKDUJH LQ DOO WKH  WHVWV FRQGXFWHG DW GLIIHUHQW EHG KHDGV 7KH UHVXOWV DUH
UHSURGXFLEOH1RDUFKDQGUDWKROHIRUPDWLRQV*UDYLW\IORZZDVH[SHULHQFHG
$2Q&KRSSHG0LVFDQWKXVDW2XWOHW'LPHQVLRQ
PP:LGWKPP/HQJWK
&KRSSHG0LVFDQWKXVGLVSOD\HG LWVFRQVLVWHQWDQG UHSHDWDEOHEHKDYLRXUDO WUDLW DW WKLV
RXWOHW GLPHQVLRQ ZKLFK LV WURXEOHVRPH 7KH IROORZLQJ REVHUYDWLRQV ZHUH PDGH DW
GLIIHUHQWEHGKHDGV7KHUHZDVUHOLDEOHGLVFKDUJH LQDOO WKHILYH WHVWVFRQGXFWHG1R
DUFKDQGUDWKROHIRUPDWLRQVDWEHGKHLJKWPP

,QWKHILUVWWHVWDWEHGKHLJKWPPWKHSDUWLFOHVIORZEXWZLWKVPDOOKDQJXSDWRQH
VLGHRIWKHKRSSHU7KLVLVFDWHJRULVHGDVXQUHOLDEOHGLVFKDUJH7KHUHZHUHQRDUFKDQG
UDWKROHIRUPDWLRQV,QWKHVHFRQGWHVWSDUWLFOHVIORZUHOLDEO\7KHUHZHUHQRDUFKDQG
UDWKROH IRUPDWLRQV ,Q WKH WKLUG DQG IRXUWK WHVWV SDUWLFOHV IORZ XQUHOLDEO\ EHFDXVH
WKHUHZDVKDOIGLVFKDUJHDQGKDOIKDQJXSLQVLGHWKHKRSSHU7KHUHZHUHQRDUFKDQG
UDWKROHIRUPDWLRQV,QWKHODVWWHVWWKHUHZDVIORZZLWKVPDOOSDUWLFOHVKDQJXSLQVLGH
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WKWHVW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LQVLGHWKHKRSSHUDQGDOVRZLWKRXWDQ\ELQKDPPHULQJRUSDUWLFOHVEHGSRNLQJ$VD
UHVXOWRI WKLV3HUFHQWDJH 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WKDWIORZUHOLDEO\2WKHURIWKHWHVWVZHUHXQUHOLDEOH$W%HG
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/HQJWK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ZLWKSDUWLFOHVRIPDQ\ILQHVSRZGHU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3RZGHUIORZWHVWHUFDQDOVREHHPSOR\HG
IRUWKHVWDQGDUGIORZIXQFWLRQWHVWRI:ROIVRQ&ODVVIUHHIORZLQJZLWKRXWH[WUHPH 
SDUWLFOH VKDSH HJ :KHDWIHHG SHOOHWV D FHUHDO FRSURGXFW) DQG &ODVV  FRKHVLYH
ZLWKRXWH[WUHPHSDUWLFOH VKDSHHJPLOOHGQXWV)RIELRPDVVDQGZDVWHPDWHULDOVEXW
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RQWKHWHVWHU)XUWKHUUHVHDUFKRQ:ROIVRQ&ODVVPDWHULDOVKDVGHOLYHUHGSURPLVLQJ
YDULRXV IORZIDLOXUH WHFKQLTXHV OLNH &ROXPQ 7HVWHU &RUH )ORZ 7HVW 7HQVLOH 7HVW
7HFKQLTXH8QLD[LDOWHVWHUDQG0DVV)ORZ7HVW
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3DVVLYHVWUHVVHV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DUHFDOFXODWHGDWWKHORRVHILOOEXONGHQVLW\ZKLOHWKH
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Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
Tensile 
stress 
(Pa) 
Predicted 
Arching 
Data  (m) 
Actual 
Arching 
Data(m) 
at 23 
degree 
wall 
angle 
Actual 
Arching 
Data 
(m) at 
41 
degree 
wall 
angle 
0 0 350.94 0 52.7 0 0 0 
0.05 0.171675 352.0758 0.172693 52.7 0.015258 0.015 0.015 
0.1 0.34335 353.2116 0.346501 52.7 0.015209 0.015 0.015 
0.15 0.515025 354.3474 0.521422 52.7 0.01516 0.015 0.015 
0.2 0.6867 355.4831 0.697458 52.7 0.015112 0.015 0.015 
0.25 0.858375 356.6189 0.874608 52.7 0.015064 0.015 0.015 
0.3 1.03005 357.7547 1.052872 52.7 0.015016 0.015 0.015 
0.35 1.201725 358.8905 1.232251 52.7 0.014969 0.015 0.015 
0.4 1.3734 360.0263 1.412743 52.7 0.014921 0.015 0.015 
0.45 1.545075 361.1621 1.59435 52.7 0.014874 0.015 0.015 
0.5 1.71675 362.2978 1.777071 52.7 0.014828 0.015 0.015 
0.55 1.888425 363.4336 1.960906 52.7 0.014781 0.015 0.015 
0.6 2.0601 364.5694 2.145856 52.7 0.014735 0.015 0.015 
0.65 2.231775 365.7052 2.331919 52.7 0.01469 0.015 0.015 
0.7 2.40345 366.841 2.519097 52.7 0.014644 0.015 0.015 
0.75 2.575125 367.9768 2.707389 52.7 0.014599 0.015 0.015 
0.8 2.7468 369.1126 2.896795 52.7 0.014554 0.015 0.015 
0.85 2.918475 370.2483 3.087316 52.7 0.014509 0.015 0.015 
0.9 3.09015 371.3841 3.27895 52.7 0.014465 0.015 0.015 
0.95 3.261825 372.5199 3.471699 52.7 0.014421 0.015 0.015 
1 3.4335 373.6557 3.665562 52.7 0.014377 0.015 0.015 
1.05 3.605175 374.7915 3.86054 52.7 0.014333 0.015 0.015 
1.1 3.77685 375.9273 4.056631 52.7 0.01429 0.015 0.015 
1.15 3.948525 377.063 4.253837 52.7 0.014247 0.015 0.015 
1.2 4.1202 378.1988 4.452157 52.7 0.014204 0.015 0.015 
1.25 4.291875 379.3346 4.651591 52.7 0.014162 0.015 0.015 

 
7DEOH&5HHG&DQDU\*UDVV6WUHVV'LVWULEXWLRQ'DWDDQG$UFKLQJ'LPHQVLRQV
3UHGLFWHGDQG$FWXDO
Bed 
head 
(m) 
stress1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
Tensile 
stress 
(Pa) 
Predicted 
arching 
data (m) 
Actual 
arching 
data (m) 
at 23 
degree 
wall 
angle 
Actual 
arching 
data (m) 
at 41 
degree 
wall 
angle 
0 0 73.991 0 11.4 0 0 0 
0.05 0.035807 74.13691 0.036364 13.54185 0.01862 0.1 0.2 
0.1 0.071613 74.28282 0.072871 15.69213 0.021534 0.15 0.23 
0.15 0.10742 74.42873 0.109522 17.85084 0.024448 0.18 0.24 
0.2 0.143226 74.57465 0.146315 20.01798 0.027363 0.2 0.25 
0.25 0.179033 74.72056 0.183252 22.19355 0.030277 0.23 0.26 
0.3 0.214839 74.86647 0.220332 24.37756 0.033192 0.238 0.27 
0.35 0.250646 75.01238 0.257555 26.56999 0.036107 0.24 0.28 
0.4 0.286452 75.15829 0.294921 28.77085 0.039022 0.25 0.3 
0.45 0.322259 75.3042 0.33243 30.98015 0.041937 0.26 0.31 
0.5 0.358065 75.45011 0.370083 33.19788 0.044852 0.264 0.32 
0.55 0.393872 75.59603 0.407878 35.42404 0.047767 0.266 0.33 
0.6 0.429678 75.74194 0.445817 37.65862 0.050683 0.268 0.34 
0.65 0.465485 75.88785 0.483899 39.90164 0.053598 0.27 0.35 
0.7 0.501291 76.03376 0.522124 42.15309 0.056514 0.272 0.36 
0.75 0.537098 76.17967 0.560492 44.41298 0.059429 0.273 0.365 
0.8 0.572904 76.32558 0.599003 46.68129 0.062345 0.275 0.37 
0.85 0.608711 76.4715 0.637658 48.95803 0.065261 0.277 0.372 
0.9 0.644517 76.61741 0.676455 51.2432 0.068177 0.28 0.375 
0.95 0.680324 76.76332 0.715396 53.53681 0.071093 0.282 0.378 
1 0.71613 76.90923 0.75448 55.83885 0.07401 0.283 0.38 
1.05 0.751937 77.05514 0.793706 58.14931 0.076926 0.284 0.382 
1.1 0.787743 77.20105 0.833077 60.46821 0.079843 0.286 0.385 
1.15 0.82355 77.34696 0.87259 62.79554 0.082759 0.29 0.39 
1.2 0.859356 77.49288 0.912246 65.1313 0.085676 0.298 0.395 
1.25 0.895163 77.63879 0.952046 67.47549 0.088593 0.3 0.4 

 
7DEOH&:RRG6KDYLQJV6WUHVV'LVWULEXWLRQ'DWDDQG$UFKLQJ'LPHQVLRQV
3UHGLFWHGDQG$FWXDO
Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
Tensile 
stress 
(Pa) 
Predicted 
arching 
data (m) 
Actual 
arching 
data (m) 
at 23 
degree 
wall 
angle 
Actual 
arching 
data (m) 
at 41 
degree 
wall 
angle 
0 0 43.679 0 11.8 0 0 0 
0.05 0.021092 43.74311 0.021456 13.0938 0.030513 0.1 0.2 
0.1 0.042183 43.80722 0.042975 14.39139 0.033488 0.1 0.2 
0.15 0.063275 43.87132 0.064557 15.69277 0.036463 0.11 0.2 
0.2 0.084366 43.93543 0.086201 16.99794 0.039438 0.12 0.2 
0.25 0.105458 43.99954 0.107909 18.3069 0.042413 0.125 0.2 
0.3 0.126549 44.06365 0.129679 19.61966 0.045388 0.13 0.2 
0.35 0.147641 44.12775 0.151513 20.93621 0.048363 0.135 0.2 
0.4 0.168732 44.19186 0.173409 22.25655 0.051339 0.14 0.2 
0.45 0.189824 44.25597 0.195368 23.58069 0.054314 0.15 0.21 
0.5 0.210915 44.32008 0.21739 24.90862 0.05729 0.165 0.22 
0.55 0.232007 44.38418 0.239475 26.24033 0.060266 0.18 0.24 
0.6 0.253098 44.44829 0.261623 27.57585 0.063242 0.2 0.25 
0.65 0.27419 44.5124 0.283833 28.91515 0.066218 0.21 0.251 
0.7 0.295281 44.57651 0.306107 30.25824 0.069194 0.22 0.252 
0.75 0.316373 44.64061 0.328443 31.60513 0.07217 0.23 0.253 
0.8 0.337464 44.70472 0.350843 32.95581 0.075147 0.24 0.254 
0.85 0.358556 44.76883 0.373305 34.31028 0.078123 0.242 0.255 
0.9 0.379647 44.83294 0.39583 35.66855 0.0811 0.243 0.256 
0.95 0.400739 44.89704 0.418418 37.03061 0.084076 0.244 0.257 
1 0.42183 44.96115 0.441069 38.39645 0.087053 0.245 0.258 
1.05 0.442922 45.02526 0.463783 39.7661 0.09003 0.247 0.259 
1.1 0.464013 45.08937 0.486559 41.13953 0.093007 0.25 0.29 
1.15 0.485105 45.15348 0.509399 42.51676 0.095984 0.252 0.292 
1.2 0.506196 45.21758 0.532301 43.89777 0.098961 0.27 0.295 
1.25 0.527288 45.28169 0.555267 45.28258 0.101939 0.3 0.3 

 
7DEOH&6WUDZ6WUHVV'LVWULEXWLRQ'DWDDQG$UFKLQJ'LPHQVLRQV3UHGLFWHG
DQG$FWXDO
Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
Tensile 
stress 
(Pa) 
Predicted 
arching 
data (m) 
Actual 
arching 
data (m) 
at 23 
degree 
wall 
angle 
Actual 
arching 
data (m) 
at 41 
degree 
wall 
angle 
0 0 14.306 0 107.2 0 0 0 
0.05 0.006867 14.31629 0.007022 109.7617 0.78154 0.2 0.2 
0.1 0.013734 14.32659 0.014054 112.327 0.799231 0.2 0.25 
0.15 0.020601 14.33688 0.021097 114.8961 0.816924 0.22 0.28 
0.2 0.027468 14.34717 0.028149 117.4688 0.834617 0.23 0.3 
0.25 0.034335 14.35746 0.035212 120.0452 0.852311 0.235 0.35 
0.3 0.041202 14.36776 0.042284 122.6253 0.870006 0.24 0.37 
0.35 0.048069 14.37805 0.049367 125.2091 0.887701 0.245 0.38 
0.4 0.054936 14.38834 0.05646 127.7966 0.905398 0.25 0.4 
0.45 0.061803 14.39864 0.063563 130.3877 0.923095 0.3 0.42 
0.5 0.06867 14.40893 0.070676 132.9825 0.940793 0.36 0.46 
0.55 0.075537 14.41922 0.077799 135.581 0.958491 0.38 0.47 
0.6 0.082404 14.42952 0.084932 138.1832 0.976191 0.4 0.48 
0.65 0.089271 14.43981 0.092075 140.7891 0.993891 0.41 0.5 
0.7 0.096138 14.4501 0.099229 143.3987 1.011592 0.42 0.5 
0.75 0.103005 14.46039 0.106392 146.0119 1.029293 0.43 0.5 
0.8 0.109872 14.47069 0.113566 148.6289 1.046996 0.431 0.5 
0.85 0.116739 14.48098 0.12075 151.2495 1.064699 0.435 0.5 
0.9 0.123606 14.49127 0.127943 153.8738 1.082403 0.44 0.5 
0.95 0.130473 14.50157 0.135147 156.5018 1.100108 0.442 0.5 
1 0.13734 14.51186 0.142361 159.1334 1.117813 0.443 0.5 
1.05 0.144207 14.52215 0.149585 161.7688 1.13552 0.445 0.5 
1.1 0.151074 14.53244 0.15682 164.4078 1.153227 0.47 0.5 
1.15 0.157941 14.54274 0.164064 167.0505 1.170935 0.48 0.5 
1.2 0.164808 14.55303 0.171318 169.6969 1.188643 0.49 0.5 
1.25 0.171675 14.56332 0.178583 172.347 1.206352 0.5 0.5 

 
7DEOH&0LVFDQWKXV6WUHVV'LVWULEXWLRQ'DWDDQG$UFKLQJ'LPHQVLRQV
3UHGLFWHGDQG$FWXDO
Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
Tensile 
stress 
(Pa) 
Predicted 
arching 
data (m) 
Actual 
arching 
data (m) 
at 23 
degree 
wall 
angle 
Actual 
arching 
data (m) 
at 41 
degree 
wall 
angle 
0 0 101.6 0 7.3 0 0 0 
0.05 0.049541 101.8347 0.04995 10.94135 0.010952 0.1 0.2 
0.1 0.099081 102.0694 0.10013 14.59948 0.014581 0.11 0.2 
0.15 0.148622 102.304 0.15054 18.2744 0.018209 0.115 0.2 
0.2 0.198162 102.5387 0.201181 21.96609 0.021837 0.12 0.2 
0.25 0.247703 102.7734 0.252052 25.67458 0.025466 0.13 0.2 
0.3 0.297243 103.0081 0.303153 29.39984 0.029094 0.135 0.2 
0.35 0.346784 103.2428 0.354484 33.14189 0.032723 0.138 0.2 
0.4 0.396324 103.4775 0.406046 36.90072 0.036351 0.14 0.2 
0.45 0.445865 103.7121 0.457837 40.67634 0.03998 0.145 0.21 
0.5 0.495405 103.9468 0.509859 44.46874 0.043609 0.15 0.23 
0.55 0.544946 104.1815 0.562111 48.27792 0.047238 0.158 0.24 
0.6 0.594486 104.4162 0.614594 52.10388 0.050867 0.16 0.25 
0.65 0.644027 104.6509 0.667306 55.94663 0.054496 0.165 0.26 
0.7 0.693567 104.8856 0.720249 59.80617 0.058125 0.17 0.265 
0.75 0.743108 105.1202 0.773422 63.68248 0.061754 0.178 0.268 
0.8 0.792648 105.3549 0.826826 67.57558 0.065383 0.18 0.27 
0.85 0.842189 105.5896 0.880459 71.48546 0.069012 0.2 0.275 
0.9 0.891729 105.8243 0.934323 75.41213 0.072642 0.21 0.278 
0.95 0.94127 106.059 0.988417 79.35558 0.076271 0.215 0.28 
1 0.99081 106.2937 1.042741 83.31581 0.079901 0.221 0.282 
1.05 1.040351 106.5283 1.097295 87.29282 0.08353 0.2225 0.284 
1.1 1.089891 106.763 1.15208 91.28662 0.08716 0.225 0.289 
1.15 1.139432 106.9977 1.207095 95.29721 0.09079 0.23 0.29 
1.2 1.188972 107.2324 1.26234 99.32457 0.094419 0.24 0.295 
1.25 1.238513 107.4671 1.317815 103.3687 0.098049 0.25 0.3 

 
7DEOH&6KUHGGHG3DSHU6WUHVV'LVWULEXWLRQ'DWD

1RWH$UFKLQJGLPHQVLRQGDWDDUHQRWJLYHQKHUHEDVHGRQWKHUHDVRQJLYHQLQ
&KDSWHU6HFWLRQ

Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
0 0 77.215 0 
0.05 0.037769 77.54966 0.038038 
0.1 0.075537 77.88432 0.076405 
0.15 0.113306 78.21898 0.115099 
0.2 0.151074 78.55364 0.154122 
0.25 0.188843 78.8883 0.193474 
0.3 0.226611 79.22295 0.233153 
0.35 0.26438 79.55761 0.273161 
0.4 0.302148 79.89227 0.313497 
0.45 0.339917 80.22693 0.354162 
0.5 0.377685 80.56159 0.395155 
0.55 0.415454 80.89625 0.436476 
0.6 0.453222 81.23091 0.478125 
0.65 0.490991 81.56557 0.520103 
0.7 0.528759 81.90023 0.562409 
0.75 0.566528 82.23489 0.605043 
0.8 0.604296 82.56955 0.648006 
0.85 0.642065 82.90421 0.691297 
0.9 0.679833 83.23886 0.734916 
0.95 0.717602 83.57352 0.778863 
1 0.75537 83.90818 0.823139 
1.05 0.793139 84.24284 0.867743 
1.1 0.830907 84.5775 0.912676 
1.15 0.868676 84.91216 0.957937 
1.2 0.906444 85.24682 1.003526 
1.25 0.944213 85.58148 1.049443 

 
7DEOH&/DZQJUDVV6WUHVV'LVWULEXWLRQ'DWD
1RWH$UFKLQJGLPHQVLRQGDWDDUHQRWJLYHQKHUHEDVHGRQWKHUHDVRQJLYHQLQ
&KDSWHU6HFWLRQ

Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
0 0 14.679 0 
0.05 0.006867 14.68932 0.007205 
0.1 0.013734 14.69964 0.01442 
0.15 0.020601 14.70995 0.021646 
0.2 0.027468 14.72027 0.028881 
0.25 0.034335 14.73059 0.036127 
0.3 0.041202 14.74091 0.043382 
0.35 0.048069 14.75122 0.050648 
0.4 0.054936 14.76154 0.057924 
0.45 0.061803 14.77186 0.06521 
0.5 0.06867 14.78218 0.072507 
0.55 0.075537 14.79249 0.079813 
0.6 0.082404 14.80281 0.087129 
0.65 0.089271 14.81313 0.094456 
0.7 0.096138 14.82345 0.101793 
0.75 0.103005 14.83377 0.109139 
0.8 0.109872 14.84408 0.116496 
0.85 0.116739 14.8544 0.123863 
0.9 0.123606 14.86472 0.131241 
0.95 0.130473 14.87504 0.138628 
1 0.13734 14.88535 0.146025 
1.05 0.144207 14.89567 0.153433 
1.1 0.151074 14.90599 0.160851 
1.15 0.157941 14.91631 0.168278 
1.2 0.164808 14.92662 0.175716 
1.25 0.171675 14.93694 0.183164 

 
7DEOH&:RRGFKLSV+DPPHUPLOOHGZRRG6WUHVV'LVWULEXWLRQ'DWD

1RWH$UFKLQJGLPHQVLRQGDWDDUHQRWJLYHQKHUHEDVHGRQWKHUHDVRQJLYHQLQ
&KDSWHU6HFWLRQ

Bed 
head 
(m) 
Stress 1 
(kPa) 
Bulk 
density 
(kg/m3) 
Stress 2 
(kPa) 
0 0 100.85 0 
0.05 0.04905 101.0318 0.049556 
0.1 0.0981 101.2137 0.099291 
0.15 0.14715 101.3955 0.149204 
0.2 0.1962 101.5774 0.199295 
0.25 0.24525 101.7592 0.249565 
0.3 0.2943 101.9411 0.300013 
0.35 0.34335 102.1229 0.350639 
0.4 0.3924 102.3048 0.401444 
0.45 0.44145 102.4866 0.452427 
0.5 0.4905 102.6685 0.503589 
0.55 0.53955 102.8503 0.554929 
0.6 0.5886 103.0322 0.606447 
0.65 0.63765 103.214 0.658144 
0.7 0.6867 103.3959 0.710019 
0.75 0.73575 103.5777 0.762073 
0.8 0.7848 103.7596 0.814305 
0.85 0.83385 103.9414 0.866715 
0.9 0.8829 104.1233 0.919304 
0.95 0.93195 104.3051 0.972071 
1 0.981 104.487 1.025017 
1.05 1.03005 104.6688 1.078141 
1.1 1.0791 104.8507 1.131443 
1.15 1.12815 105.0325 1.184924 
1.2 1.1772 105.2144 1.238583 
1.25 1.22625 105.3962 1.292421 






 

Standard Deviation Values for Particle Dimensions 
Material Long Length Intermediate Length Short Length 
Woodchips/Hammer 
milled wood 
0.063766 0.055621 0.004472 
Miscanthus 0.063766 0.055621 0.004472 
Wood shavings 4.973898 2.688746 0.332177 
Oat flakes 0.615466 0.226614 0.131873 
Straw 25.27316 0.429216 0.119587 
Reed canary grass 2.132573 0.283869 0.082468 
Grass A 9.894571 - - 
Grass B 7.994595 - - 
Paper - - - 
Matchsticks - - - 
 


